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1.0 nqr I AND SMGARY

This report summarizes the design of a radiatin-badened photo-
detector circuit by the Harris Sinicodctor Programs Division for the
Defense Nuclear Agency's DIM Progam (Contract M 001-78-C-0356). The DINS
p1otodetector is a to channel detector/amplifier which detects ring laser gyro
optical signals (632dk). his is achieved by using tree stages of sigal con-
version. The first stage is a pbotodiode which detects the incoming laser
light sigal and converts it to a smll current. The second stage amplifies
and converts this current to a. smll signal voltage. Finally, the third stage
mplifies this sall signal voltage to the output voltage level required.

Contained berein is a design description of the pbotodiode required
for the pbotodetector. Reasons will be presented to explain the to die nature
of the design. One die contains the input pbotodiodes plus large gain setting
resistors while the secon die contains the overall preamplifier circuit.
Also following is the description of the preamplifier circuit which amplifies
the output signal of the photodiode. Analyses of the proposed circuit have
been performed by the SPIC II circuit sizulation program which include DC, AC,
Pre and Post radiation slmllatious over tsI__rature and process variations.

Te design effort is now coplete and Harris is proceeding with the dvel-
o t of the DI dector into topological design and prototype fabri-
cation.
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2u.0 ed IG o Hl MM
The desJign reurnents of the DIM~ Pbto detector System are

- The system sball 1eev a 300 nhnowatt, (Min.) 63282 signal from a ring 3-se
gyro, and convert it to a level in the bundreds of 4iA3llvolts. It nist do so in
the pessnce of transient p radiatio of the spekaiication. level and also
after the exosr to neutron flumice of the specified level.

- Te system -shall bave an adequa~te signal1-to-noise ratio such that the input
signal is not maskead by the noise generated during a transient nm event.

A ssuming the specified photodiode reposivity rqfin of .44 AmpsWatt
the reslifier shalli have a transimpedance gain of 3 mgow.

- The overall system bandwidth shall be a mainiwzn of I megahertz.

- The premlifier c*=l be capable of driving a capacitive load (i.e. coaial
cable).

- The pr lJifier shall have shot-circuit protection.

- A mzdn of t20 volts of supply voltage may be used.

- he operating t~rterange shall be -550 C to +=259C

6o



3.0 ~TNCAL APPrAH

3. Sboun in Figure 1 is the overall1 system f"'nctiJona.1 dianm of the DLNS
photodetector. The system has been divided :into two chips, a phbotcdi.ode chip
and an amlifier chip. The photodiode chin also ccntains s our 30K oko resistors
which set zhe gain of th.e -fir-st stage of alifi'_cation. A total. of eight ctip
to chip bond wires shall be required and five bond wt-res shall be brought out to
the package. (Figuze 2).

3.2 Circuit Partitioning

In order to obtain a 1 to 1 or better signal to noise ratio under
mflflif2 drive conditions (300 nanowatts), it is necessary to reduce the noise
as much as possible without sarifficing photodiode responsivityv. The main noise
contribztors in the system are the photocur-rents p--n'auced by :te photcdiodes
during a tra-3nsient -,mmn event. Although these pbotocurrents are applied cammon
moxde to the presmlifier by using an identical masked photodiode to the non-
inverting input, any mimtch in these curr-ents willJ be applied as a. differ-
ential. signal and therefore show up in the output as the major noise contributor.

TZransient Ipp (prizr.ry photocurrent) is a. direct funct ion of the photo-

diode's total volume since the generat :on rate g E(4,) is linear with the depth of
the island. However, the input laser signal. is ecponentially attenuated by the
absorption coefficient of the material. Therefore it is the photodiode' s area

'which will directly influence its responsivity. Based on these facts it is

An island thickness of 2.54 u~m was chosen to maintain a sm.1l total
volume. However this would be incaapatible with bipolar transistor fabrication.
Therefore the two die approach shown in Figure 1. was chosen. The four 30K ohn
resistors were chosen to go on the photodiode chip since their fabrication would
be rmore cant using a. higher sheet resistivity than the 250 okin/square of the
a~plifiqer chip. A sheet resistivity of 1000 ohn/square will be used for these
resistors.

7
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CMXI TO MYII BMl WMES

- Cbmae1 1 Stage A, output to resistor M

- =nel 2 Stage , output to resistor M'

- aunel 1 positive input to pItodiode D. and resistor B15

- Mannel 2 positive imput to pWtodiode D and restor R5

- Cbanel 1 nega ±ve iWpt to phtodiode DL and resistor Rf1

- Qunnel 2 neative inixt to pbotodiode and resistor BF'

- System goud

- Systema negative Power supply V

-8 Total chip to chip b s

HIP TOP BO~I Wn

No bond wires are required fron the phortodiode chip.

P the mplifier chip ae required:

- syste positive per suply V,

- Systen neatyive pM apply v

- otptzt of cheel 1 out

- outp-t of channel 2 v t

-5 Total Chip to pincbg ho

FIGME 2
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3.3 Gain Partitloan

In des'gnin a radiation-bardened pw IIfier with an overa.l gain-
baidth product as large the one required here, it is Important that adequate
consideration be given to the distibution of the overall preamplfier gain.
The gain of the preanpliier is 3 g o of tramsinedac under rst case
teperat n e and process variability conditions. This wrs case criteria also
applies to the specified 1 megahextz bandwidth paraimter. Process variability for
both resistors and capacitors is - 109. The wars case gain situation will occur
at low temperature combined with both low resistors and capacitors. This Implies
(frau sinulatios) that a n=inal element, roon temperature gain of 4 mB"
will be necessary. Lilewise for bandwidth, a no.inal figure of 2 mebg-tz as
cbosen to guard band against its worst case situation, wbich will occur at high
temperatne cobined with both high resistors and capacitors.

Achieving a gain-bandwidth product of this magnitude is not feasible
using only a single stage due to stability considerations. 'herefore a two
stage approach as ch se. Figure 3 sbows the partitolning. The resistor names
are t of the overall circuit. The value of I Isg Ieance of stage Al (30K)
and gain of stage A2 (133) are values that require realistic ga-bandwidth
px-odcxts. SMiugatios sbo that ude this configuration over 450 of phase mar-
gin can be obtained from each stage.

A second consideration is the amplifier's warst case input offset con-
dition. The output level shift caused by this offset mst still allow for the
required nauumn outpurt voltage swing, which in this case is about half of a volt.

There are two types of offsets that can be generated at the inputs. Each
stage has an Inherent voltage offset due to VEE mismtches in each respective in-
put stage. This offset voltage appears at the output amplified by the voltage
pin of the stage. In adition, beta degradation and mimatch post-neutron can
cause currents (Figure 2) 1,(+) and tl(_) to differ by as much as 20%. These
currents which appear across the respective Impedances seen at the input portswill generate an additional offset voltage which is

Vos - 1_(+)) 0 aM

The DC voltage gain of tras npedance Al is unity. Therefore, this
offset voltage appears at the output iltiplied by the voltage gain of A2 which
is 133. Thi sme current induced voltage offset will occur at the input of A2,
however here the impedances seen by the input differential pair is only about 100
otn so the voltage generated across then is mall.

NPA betas my fall to 30 and PNP betas to 15 at the specified neutron
level. Therefore:

& 1 4*' - .44ua x 30K - 13.2 m (current induce offset)

AI2 e B31 - 2.4 u, x 100 - .24 m (current induced offset)
LiVo <_10mV

AVl < 10 mV

33.4 mV Total V1 o

10
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The otal offset voltage multiplied by the voltage gain of the
.eccm stage brngs the output voltage to 4.4 volts. Tberefore a one half
volt swing will nt be a problem.
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3.4 DMIECAI T ISOL P+ - N- - N+ l1K)I(E

3.4.1 Theoretical Analysis of Silicon P+ -N- -N+ Pbotodiode for 63282
Laser Detection.

3.4.1.1 Theoretical Analysis of Quantum Yield and Potocurrent:

The theoretical analysis of the photo response for a silicon
p+ -n7 - n+ phtodiode based on the structure shown in Figure 3.4. la is pre-
sented in this report. The photodiode structure consists of a p+ Implanted
layer of about O.15um thick, and n- layer of 40-m and 2.5um thick, and an n+
buried layer of about 2.5izm.

The spectral response of the photocwTen and quantum yield for
this photodiode is analyzed as follows:

Figure 3.4.lb show a schemtic diagam of the p+ -n- -nn+ pbotodiode
under reverse bias conditions. Let us consider a Hs-Ne laser (6328M) imping-
ing on the p surface at y - 0. The rate of generation of pbotocarriers is
given by

h(y) - 00 el-R) Vay (1)
where 9 is the incident photon flux density, R is the reflection coefficient

of silicon.

Under steady state conditions, the total photocurrent density, Jpb'

produced by the incident photons is the sun of the electron and the bole
curent caponents at any cross section of the photodiode, which can be ex-

jph- Tn(yo) + -J (YO) -J' (y) +Jp (yl) + J (2)

J~ i-JP (yo) - CT yl)(3

In Eq. (2), Jn (yo) denotes the electron current density at y - y
J (yl) is the hole current density evaluated at y - yl and Ji is the conent
p

of the bole current density arising from the carrier generation in the intrinsic
region (i.e., n- - region). To find the function dependence of the photocurrent
and the quantun yield, we need to express J (yo), J (yl), and Ji as functions

of to) a, (y 1 -y 0 ), and y 0 . Detailed derivation of the photocurrent in each of

these three regions (i.e., 0y< 0, yolygl, and y1 <Yyj 2 ) have been given by Li

and TA Im {1 for a silicon p-i-n photodiode, which is applicable to the
present case. Thus, the phoc density for a photodiode shown in Figure
3.4.1b can be expressed by (1):

13



J m -q (1-R) 1 [i.-co e (4)
ph ~ - I.Sinh( L) 1+c Lp

and the quantum yield for the potodlcde is given by:

j h (1-R) 1 [i.nb 4)e'Y]-e71 (5)

Equation (5) reduces to that of '"rzner's ezpressicc" if yo and R are set equal
to zero (2}.

Now ve can apply equations (4) and (5) to cczpute th antcdurrent a-. quant
yield in a p+ -- -n+ photodiode Q sn in Figure 1. -The Wecifications for the
pbtodiode studied in this repor are given as foll.ow:

Diode Area: Aj -393 j12 - 2Are a

Juncti, Depth: (p- - Layr) Y0  o.- - 1 --5 ,m

Dopent sity: ,, - Lamr N* moi' o-3, p-m

Tickn: n- .yer * y1 -y0 - 2.Suc2. 5exlO"n

Buried layer 72 -y," 2.5m - 2.5.o4c
(n+ - L ,yer*)

ncident Pto Pi - 300,W, * 0 'm 3. 8'x1O'5 2bot"n/c=2
P Density:

Incldent Pbto X m 63282 - 0.6:32um0

Absorption at X in Si== = - 3.5x 03  -1
Coefficieit: o

Hole Diffusin L- 0.01 M
Lmngth in ir-

Z3 Difft- L. 10-on
Sion Lnth in
p Region:

14



als tiing the above Listed nieica1 values for different parmeters in Eqs.
(4) and (5) yields:

J .- .54A/ 2 , and n - 0.873

-1. zao-7 A300w

The above results are obtained by assuming that the reflection loss is neglig-
ible at the surface of the pbotodiode.

Table 1 smmarizes the calculated values of pbotocurrent, quantu yield and
responsivity (assuming R - 0) of a silicon p+ - n- - n+ potodiode for different
junction depths (i.e., different thi e of the p+ layer) with Pin = 300nW.

Table 1. - Toretical calculations of the pboIo A 'ent, quantnm yield, and the
rsoosivity of a silicon p ---- n+ - for different junction
depths (y ) The incident laser bemm (63S) intensity is assmed
equal. to Wonw.

Junction Depth Photocurrent Qmam=un Yield (n) Remonsivity
(yo) .Ih(nk) _(A/W)

0.10 133 0.873 0.44
0.15 32 0.865 0.44
0.20 131 0.856 0.437
0.25 130 0.848 0.433
0.30 128 0.84 0.426
0.40 126 0.825 0.42
0.50 124 0.809 0.413

It is noted that the above calculations are based on the assumptions that the
reflection loss is negligible and the dopa t densities in both p+ - and n- -
layer are fixed. A change in the dopant density in both p+ - and n -,layer would
in general change the quantum yield as well as responsivity of the pbotodiode.

3.4.1.2 ANMUDL=CK' (AR) COMM

In order to reduce the reflection loss at the silicon photodiode surface,
it is important to incorporate the AR coatings in the design of pbotodiode.
Theoretical considerations for the AR coatings in a silicon p+ - n- - n+ photo-
diode are described as follows:

160. Single Laver AR Coating

To achieve a minim. reflection loss, a single layer dielectric film can be
coated on top of the pbotodiode. Dielectric films commnly used in AR coatings
Include SiO2 , SiO, A12 03 , T' 2 , T20 5 , and SL3N4 . TO obtain inin- reflection
loss, the thickness of the dielectric film can be chosen to be equal to quarter
wavelength of the incident photon. For examples, if SiO2 film is chosen, then

15
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with al - 1.5 for and - 63281)d 1 - X M328R I-05A

If Si 3 N4 is CbOsen, then with n1 = 2.0, d, - 63282 - 7812

The reflection loss can be calculated from

%in - [(, 2 -no ) ] 2 (6)

(nl2 +on2)

Where l is the index of refraction of the dielectric film, no is the index of

refraction of air and n2 is for silicon.

For the case of S'0 2 - Si system the reflection loss is only about 7% wben 100
SiO2 is deposited on silicon photodiode. For SN 4 - Si cae reflection loss is
only 0. 01M if Bo' S 4 AR coating is used!

The above theoretical calculations show clearly that the reflection loss in a
silicon pbhtodiode can be reduced to near zero by sizMly employing a single lay-
er of dielectric film (i.e., SiO2 , or Si3 4 ) as AR coating on the silicon photodic

2.0. Double Layer AR Coating

In addition to the single layer AR coating, one can also use double layer AR coat-
ing. In this case, two different types of dielectric film each with a quarter
wvelength thick can be applied to the pbotodiode surface as AR coating. The
miiniAin reflection loss can be calculated by using the expression:

Rin n3 n22no 27)

~7nn3~n2 no

Where no is the index of refraction of air, nI is the index of refraction for the
first AR coating layer and n2 is for the second coating layer, and n3 is the index
of refraction for the silicon substrate.

If the thickness of SiO2 and SN 4 AR coatings re chosen to be * uvelength of'
incident RaA-tion, then the thick _ss of these to layers are given respectively
by d. M 10 (for Sio2 ) and d2 - 790K (for Sis 4 ), and the reflection loss cal-
culated from Eq. (7) is 0.14 which is considerably hi than the single layer
AR coatings calculated earlier.

Table .2. SMmarizes the calculations of AR coatings for the silicon p+ - n--n+
pbotodiode reported here.

16



Tbicke Miln4,zm Reflectio Low Refractive

Dielectric Film R () (at 6328R) Index

S'0 2  1055 7% 1.5

S ±3 4  781 0.016% 2.0

05  703 0.3% 2.25

Si02 /SY 4  1055/781 14% 1.5/2.0

Table 2 - Single layer and double layer AR coatungs for silicon p+ -n7 -D

pbtodiode.

3.4.1.3 SOIARy

In this report, e have n tbeoretically that a responsivity of
aroumd 0.45 A/W can be achieved by using the proosed gemetry and sucn-e in
the P+ -n - n+ -silici pbotoddode . The reflection loss can be minimized to a
negligible leel if a single layer dielectric fin sw as SiO2 or Si 3N4 with
thic m equal to the qmrer wavelength of the laser radiation is used as AR
coating for the photodtode.

1. S. S. Li and F. A. Lindholm, t t mntuu Yield of a p-i-n pbtodiode",
Ptzys. Stat. Sol. (a) 15, 237 (1973).

2. W. W. Gartner, Phys. Rev. 1z6, 84 (1959).

17
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FIG=JR 3.4.1. A S=CON p. n7 n+ p~mIWE
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Mi Rteverse Leakage OCuTret I)

The reverse lekage cunrent in the p+ -n -n+ pbotodiode can be cal-
culated frcmIR q "i D A

i
here n± is the Intrinsic carrier desity, W is the depletio lay width Aj

is the Junction area, and t is the carrier lifetime.

For large rvsebias (V~ j -4.2V), the depletion layer width is given by

WD - WX~ - 2.5uan
if t i >_ 100 ns - 16 7s, then

IR - 1.6 x 10-19 x 1.4 x 1010 x 2 .5 x 10-4 x 2.456 x 10-4

2 x 10
7

- 6.877 x 10- 1 0A at 300K

(ii) Juncticm Cmitance of the p+ _n -a+ Pl todiode

r m junction capacitance far the p+ -n- -.n+ ptodiode can be calcult1ed
frMn

AC
-.. . m)

Aj 2.456 x 10- an2

ia

M / N 0 .575V

Cio / (ecN i1.2 x10-8F/=n2

Cm 3.1 PP (13)

where vjis the bias voltage.

19
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For emmple

at V - -10V, C. - o.72pF.

e capacitance due to SiO2 isolation around the photodiode can be estimated by

C1 I A 2E= (B3)
t

Where 4, A, - 2.775 x 1o- 4 cm2 , t. - 1.8um

C - o.546pF

(iii.) Gm Radiation Curret (IPP)

The gam radiation ciuret can be calculated fron the following ex:
pression:

Ipp' o.Aj (Wp + L) (Cl)

!P

Ip/ - 81 A/a

20
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3.4.2 TaIEMICAL DEIC OF A SILION p - n- PIECDE

A test chip was designed with various geometry photodiodes to deter-
mine an opt iun performance design compatible with existing process capail-
ities. Three pairs of diodes wer designed on the test chip; a pair consist-
ing of an open diode for detecting a 632S He-Ne laser and an identical gean-
etry dark diode, masked from the laser with aluinzun, for radiation photocurrent
compensation. This section describes the three designs and the advantages and
disadvantages of each.

Photodiode Design #1: Stepped D.I.

Figure 3.4.2 shows the stepped D.I. design. The dielectric isolation pattern of
this design was stepped, anticipating that the natural corner rounding which
occurs durLng the anisotropic silicon etch (moat etch) would result in a cir-
cular shaped island. Hver the etch time required to etch the shallow island
(0.2 - 0.3 miu) resulted in only miniml corner rounding. As a result, the
final island geometry closely replicates the drawn island getry as shown in
the design.

The anode is a 5.0 mil radius semicircle with 0.2 mil spacing between the anode
aperture and the minirnu D.I. island. P+ contact to the anode is made via a
0.6 by 9.0 mil aperture along the diameter of the semicircle. The N+ contact
to the cathde is a 0.6 by 0.6 mil aperture spaced 0.3 rail from the anode aperture.

Photodiode Design #2: Stepped D. I. with N+ BIM

The stepped D.I. with N+ ring design is shown in Figure 3.4.3. Additional steps
were added in the dielectric isolation pattern to determine if the corner round-
ing effect with the additional steps wuld result in a more uniform semicircular
pattern. oweer as in the previous design the minima required etch time re-

Ssulted in the final island geomtr being very siamilar to the design island ge-

The anode of this design is identical to the previous design.

A 0.4 mil N+ ring spaced 0.3 mil from the anode was designed for the cathode con-
tact. This ring provides a lower resistance cathode contact to enhance the effic-
iency of the diode. The disadvantage of this design is that the addition of the
N+ ring increases the total island volume over the previous design which could
result in an increase in radiation induced photocurrent. The trade-off to be
evaluated then is Uiproved photodicde performance vs. radiation hardness.

Photodiode Design #3: Circular D. I. Island

The circular D. I. island design is shown in Figure 3.4.4. This design was included
to study the feasibility of anisotrapically etching a circular pattern at the
dielectric isolation pbotoresist and moat etch process steps.

No significant problems e encountered on the first run at the D.I. pbotoresisz
and moat etch steps. In fact the final island geometry was very close to the
designed geometry.

The anode, arode contact and catlhde contact were identical to Design #1.
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Figure 3.4.2
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3.4.3 Process Description

This section desribes the process employed to fabricate the photo-
diodes. Both the dielectric isolated mterials process and the frontside wafer
fabrication process will be described as well as the process peziutations em-
ployed on the first run of photodiodes.

3.4.3.1 Materials Fabrication Process

1.0 Starting Substrate:

Resistivity: 3-5 o -cm N-type

Orientation: <1-0-0>

Backround Concentration: %1015 (-3

DJan ter: 3 - inch

2.0 Buried Layer Foammtion:

After the buied layer pattern is defined in the field acide, the
buried layer is farmed via a two step ion implantation and diffusion op=ration.
The final buried layer process parazmeters are:

oPs -25 obm/sq.
I xi - 2.5 u

' Cs S4 x 1019 ( -3

3.0 Dielectric Foration:

The dielectric isolation is delineated in the field oxide followd by
an an.sotropic silicon etch to form the isolation mots. The precise getry
of the moats is defined by the isolation photoresist pattern and the fact that
the etch proceeds down the <1-1-1> plane. Following the moat etch, the dielectric
oxide is thermally grown.

tc =1. 0 Ufox-10

4.0 Polycrystalline Silicon Deposition:

The polycrystalline silicon is chemically vapor deposited to achieve
the final substrate thickmess of % 25 mils.

5.0 Final Polish:

The wafers are then cb ically-mechanica'ly polished to the speci-
fied isolated island thickness of 5 - 7.5 microns.

3.4.3.2 Wafer Fabrication Process

1.0 Initial Oxidation:

The first step in the wafer fabrication process is a them .l cidation
to grow the field oxide followed by a crystal anneal to anneal out the mechanical
polish damage.

tax = 0.4 2
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2.0 Cathode Cntact:

Following a phatoresist operation to delineate diffusion apertures
to the n7 cathode, the n+ cathode contact is fnold by a two step ptxospixoras
predeposition and diffusion operation. This process results in the following
paramters:

p s - 10 oms/sq.

xi - 2.5 u

C s = 3.0 x 1020 ( -3

s

3.0 P+ Anode Contact:

After the Pt aperture pattern is etched in the f ield cide, the Pt
anode contacts are farmed with a tw step Imn predeposition and diffusion
process. The resulting parameters are:

jOs - 125 cms/sq.

xi " 0.6 U

C -4.0 x 10 a -

4.0 Anode Fation:

A 5 mil radius circular pattern is etched in the field aide for the
anode f the pboUdiode. Subs euent to the etching operation, 11OC of thu1
oxide is gown in the opened anode area. This aid se-ves to control tbh peak
of the anode ion implantation. Boron is then ion-i lanted to form the p anode.
Te following are the lon IMlantation puamters:

E - 100 SeV

Dose - 2.3 x 10 3 coal.

Projected Range - 0.12 u

Peak Concentration - 2.5 x 101 O-3

5.0 Antireflection Coating and Si 3 N4 Passivation:

If a silicon nitride AR coating is desired, then the II00 of tha..
axide is remved from the anode area and 80CR of silicon nitride is cbemically
vapor deposited over the wafer. If an SLO2 AR coting is preferred, th the

11oOR of thera =.de is left over the anode and the 8002 of silicon =tride
is later etched from the and area, exposing the 110R S10 AR coating.

6.0 Contact Apertures:

The contact aperture pattern is plasm etched in the silicon nitride
and the i lying thel oxide is dipped out creating the anode and cathode con-
tact apertures.
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7.0 Interconmect Fontiont

A 1,2u thick. alaznimz/2 silicon ±ilm is sputtered over the =aer and
the interconnect pattern is then delineated in this film.

8.0 Passivation and B k la:

An 800R fim of SiO2 is cbenica11y vapor deposited ove the vafer
to serve as a passivaticz layer. The bond pad pattern and the ade of the photo-
diod is etched in the passivation oxide. The fers are then thinned to the
final die thicmess of 11 mils.

3.4.3.3 Vertical QrnsSecticn

Figure 3.4.5 depicts the vertcal cross-section of the dielectrically
isolated pkxtodlode.

3.4.3.4 Process Permxtations

To establish an optizan process for the pbotodiode fabication,
several proces pemitatians we eployed on the 1st run.

3.4.1.0 Buried Layer vs. No Buried Layer:

Wafers 1 - 10: Buried Layer

Wafers 11 - 20: No Buried Layer

3.4.2.0 Antireflection Coating:

vn numbered wafers: Silicon nitride AR

Odd mered afers: Silicon Dioxide AR

3.4.3.0 Crstal Anneal:

Anneal Al.: Wafers 6-10 and 16-20

RuzMed Initial oxidation and anneal

Arneal I AM Wfers I, 2, 3l. and 12

Harris standard initial oxidation and anmea.

Anneal #3z Wafers 3, 4, 5 and 13, 14 and 15

Harris standard initial oxidation with no anneal

3.4.4.0 Prelminazry Rmlts

The responsivity and dark curre ts with and without radiation and the
Pbotocutrent generation constant of the various process permtat ions were evil-
mated by bneywell personnel, Tbis section ummrizes the results of txse
evaluatios.
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Figure 3.4.5
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3.4.4.1 Reposvit

Table 3.4.1 sLumarizes the average respnsivity results for the
various processes for the circular design and the N catbode ring desig before
and a.fter eposure to gam radiation. The responsivity was calculated as
follows:

R - *W/Vatt - uTent out - dark current

W,tta (632dk) in
where the input p of the Be Ne l was appracimtely one v watt. Frm this
data it appears t:hat the N ring design with a silicon nitride AR coating
(water #8) is cptimum. Cmaring wafer #8 (Si 3 N4 AR with buied layer) with wafer
18 (Si.3N4 AR without bm-ied layer) it appears that the presence of the buried

layer has little effect on responsivity. The st notable processing effect an
responsivity is the AR coating, with the SY 4 AR coating (eq numbered wafers)
resulting in a hi respinsivity than the s0 AR coating.

3.4.4.2 Differential RE civiy

Differential responsivity is defined as the responsivity difference
between the umsked and iasked pbotodiodes. Table 3.4.2 summarizes the results
of these masuamets. Again the results sbo that the N+ ring design and the
mater #8 process is optmu.

3.4.4.3 -Dark Current

Te dark is the reverse bias leakage current measured at -1(W on the
anode. Table 3.4.3 smmarizes the results of the dark cuTent measurements.
All diodes displayed less than 10 nA dark current.

3.4.4.4 Pbotocurreat Generation constant

Table 3.4.4 szarizes the empirical results of the phbtocun% t r

generation constants for the two designs and the various process pemutations.

3.4.4.5 Potocrrent La=ce

In general, the ptoc t balance between the nuAbmd and immmsked
diodes was poor - greater than 10 in some instances. It was also found that
the balance was sensitive to total ionizing dose. Modificatioms to the design
and further ch-racterizatim of the mterial and process hav been initiated in
an attempt to iuVrove the balance.
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3.5 ROCESS ESE9=IP =: PEMT( ICDE PEM

The preamp uses a standard Harris linear process featuring dielectric isolation,
complemetary NPN/PNP devices, M capacitors and implanted high sheet resistors.
The process description will be divided into a mterial fabrication section and
a frontside processing section. Material fabrication covers the sequence fram
starting material to slice grind and polish, frontside processing covers initial
oxidation throgh backla .

1. MAERM FAMICATICI. This sequence is outlined below.

Initial Oxidat ion
P Collector Pbotoresist and Etch
P Collector Diffusion
N+ Buried Layer Pbotoresist and Etch
N+ Buried Layer Diffusion
Isolation Photoresist and Etch
Anisotropic Lmt Etch
Isolation Oxidation
Poly rystalline Si Deposition
Front Side Lap and Polish

- Tniti.al oxidation grows a makig oxide on the polished slice. Starting
resistivity is 3-6 okm-an; orientation is 1-0-0; slide diameter is 3";
and slice thickness is 20 mils.

- P collector pbotoresist/etch defines collector areas for lPN devices.

- P collector diffusion establishes a deep, lightly doped boron diffusion
for use as a PNP collector. (Figure 1).

- N+ mried layer PR and diffusion e ishes a heavily As doped layer used

as a low resistivity subcollector for the 1PN devices. (Figure 2).

- Isolation pbotoresist defines the isolation grooves.

- Isolation etch is anisotropic; the etch will stop on the 1-1-1 plane and
hence the groove depth is defined by its width. (Figure 3).

Isolation oxidation is performed next; oxide thickness is 1.8 u nm-il
for defect density reduction. See Figure 4.

- Polycrystalline silicon is then deposited to a thickness of approx. 25 mils.
This poly form the substrate of the dual slice. (Figure 4).

- The original single-crystal slice is then ground away and the resultin
structure is polished. The result is a largely p c...- ystalline slice with
isolated regions of single-crystal Si. Note that both P and N type regions
are available and that the N region also was an N+ buried layer. The slice
has cmpleted maerial fabrication at this point. Figure 5 illustrates the
finished uc .
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2. FROTS= PROCESSIM. Sequence is given below.

High Te mture Cstal Anneal
N-Bse Pbotoresist and Oxide Etch
N-Base Diffusion
P-Base Photoresist and Oxide Etch
P-Base Diffusion
P-Eiitter Pbotoresist and Oxide Etch
P-Eitter Diffusion - PNP Tnsistor Beta Piloted
N-Eitter P -otoresist and Ode Etch
N-B itter Diffusion - NPN Transistor Beta Piloted
Caior Pbtoresist and Oxid.e Etch
Capacitor Low Tempe-ature Oxidation
Implanted Resistor Pbotoresist and (ide Etch
Resistor Low Teerature Oxidation
Resistor Implantat i
Contact Photoresist and Oxide Etch
Sample Probe
Alnimyn Evaporation
Aluimin Pbotoresist and Metal Etch
SIO2 Deposition

Contact Base
SIO2 Pbotoresist and Oxide Etch

Stabil=tion Base
Sample Probe

- A high tmperature crystal anneal follows the 11000 initial auidation; it
stabilizes the structure and reduces defects.

- N base PR and diffusion establishes the PNP base. (Fig. 6).

P base PR and diffusion establishes the NPN base, (Fig. 7).

- P+ PR and diffusion copletes the PNP device; a piloting procedure controls
device beta. Contact regions for the NPN base and PN collector are also
fomrmd at this step. (Fig. 3).

N + PH and diffusion completes the NPN device; again, piloting controls
NPN beta. P base and N collector contact regions are also formed.
(Fig. 9).

Capacitor photoresist opens the capacitor dielectric area located over a
P + diffusion used for the lower capacitor plate. A low temermture
oxidation is then used to grow a precisely controlled oxide layer of 2000
neminal thickness. (Fig. 10).

The Implanted resistors are defined next; a. thin oxide layer is gown i the
resistor gecmetries.

The resistor is imlanted using an 80 key boxon implantation. Note the
resistor end caps are P +; also the boron implantation is through a thin
oxide to prevent excessive surface damage. Figure 11 gives the resistor
structure. Noinnal sheet resistivity is 1000 ohns/square.

35



-2- FFDMIEE PRXM39D - continued

- Contact plotoresist establise apertures for obmic contacts to the devices.
(Fig. 12).

- A sample probe is perfonned next; device betas and breakdowns are checked.

- An E-beam evaporation of pare altuin follows; mtal. thicimess is 1.2 u.
The layer is then delineated to form the interconnect pattern. (Fig. 3).

- A silm deposition follow; this CMD SiO2 layer provides passivat ion and
scratch protection. Openings to enable bonding are defined, by a pboto-
resist operation.

- A stabilim. ion bake is nex ; it is followd by a detailed smle probe of
device parameters: and by backlap of the I leed slice to a tbickoess of
10-12 Units.
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3.6 Radiation Efect Modeling

The crwx of the radiation hardening effort of the DINS pbotopreamp
lies in the structure of the two op ap stages. This structure resembles that
of an advanced radiation hardened op amp now being developed by Harris' Programs
Division. The fabrication of the preamp will be inplemented by utilizg Harris'
radiation hardened linear process.

Neutron and Total Dose Modeling

The primary effect of neutron and total dose radiation is a re-
duction in current gain and an increase in the resistivities of the lightly
doped collector. At the radiation spec level of o, manmn betas of 30 and
15 can be expected for the NPN and PNP devices respectively. The collector
resistance of NPN devices increases by a factor of four and by a factor of 1.5
for the PNP. All post neutron computer simulations have taken these facts in-
to account. A complete table of Gummel-Poon model parameters, both pre and post
radiation can be found in the appendix of this report. These were used for SPICE
II circuit simulation of the preamplifier under these conditions.

Tfransient Cmm Modeling

The predominant effect of a circuit's exposure to ga radiation is

the generation of electron-hole pairs within the space-charge regions of re-
versed biased junctions in the circuit. This generation of carriers causes a
current, I (primary pbotocurrent), to flow. These photocurrents my disrupt

* the normarbperating conditions of the circuit sufficiently to canse a spurious
output signal to be produced.

By the judicious placemnt of compensating reverse biased junctions on

critical nodes, these pbotocurrent effects may be minimized. Figure 4 shows
bow this compensation sc is used. Also shown are the polarities of the
generated currents. In computer sirmlations of these pbotocurrents, current
generators of appropriate magnitude (function of island volume) are pl-ced in
para.llel with all reversed biased junctions including ion-implanted resistor
islands. These islands are tied off to the more positive end of the resistor
and depending on the voltage drop across the resistor, up to one half of the
island volume my be depleted due to the voltage gradient set up across the resis-
tor. With the generators in place, a transient simlation will show what effects
the specified level of radiation will produce.

Ccuter sensitivity analyses show that the pbotocurrents generated by
the reversed biased pbotodiode junctions at the input are the most critical.
These are applied cmon mode to the preamplifier however any mismatch in photo-
diode volume implies a mismatch in photocurrent and this mismtch appears diff-
erentially across the input. Table 1 shows percent mismtch of photodiode volume
versus signal to noise ratio. Note that this is assuming a perfect match be-
tween paired photocurrents elsewhere in the system. Also shown on Table 1 are
typical signal to noise ratios for nanminal system conditions.

Prompt Gsmm Survival

Under very large t.environments, the major concern is to prevent either
aluminum interconnect fusing or secondary junction bn-out due to surge currents
(assuming all devices become shorts). This is accomplished in the preamplifier
design by using limiting resistors RLIM through RLIM. These are N+ resistors
with a pre-radiation value of 50 ohms.
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The secndarY ccern is the part's recovery time after such an
event. A was-cae cc!Vter similat has be perfomed using pboto-
cmrrent sources generwtin 100 mi 11 ampee, 100 naoecn wide pulsesa

every reversed biased junicm in the circuit. The result of this similation
is sbon in Figure 5. Under this condition, recovery time is in the order of
10 microseconds.
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SCOMPUTER MODELING

THE GAMMA RADIATION CUP.RENT CAN BE CALCULATED FROM THE
FOLLOWING EXPRESSION:

1 pp(~ qg, Vol.

WHERE g. 4Y1013 /rod-cm 3

COMPUTER MODELS

TYPICAL COMPENSATION SCHEME

lp 014 COMPENSATES 018
014 AND 041C IN TURN

025 COMPENSATES 014

Q 1C
R6

FIire 4
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TA.E I

AMICtions - Minion input laser sign~al of 300 NW and spec raALat ion.
-Four SWegoh nonrinal" tin pdne
-. 44 amp/watt p1otodiode responsivity
-8.25 ual pkxotodiode pixotocurrent
- l) other mtietin is absolute

Signal1 to Noise Ratio % Misnatch in Photodiode Volume

1.6 to 1 1%

.8 to 1 2%

.53 to 1 30,c

.4 to 1 4$

.32 to 1 5

Under typical system conditi of twice the wars cas m~irrmn lase signsal

and a ==~ rate level one order of magitude less than the specification level.

Signal to Noise Ratio % Mismatch in Pbxotodiode Volume2

32 to 1 1%

16 to 1 2%

10.6 tol1 3%

8 to 1 4%

6.4 to 1 5

52
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3.7 Therml Nise Analysis

As Previ1xisly statd, the noise Signa~l genwated as a result of a
transient g evet is the largest noise cmtributor in the sysem. w-
evem, for comletenes a tbevol noise analysis mas pert -ir Pd over taW-
ertire to insure that tecoaponents; wee negligible. The simulation re-
alts shbind the total output theiu~l noise voltage to be two wdrs of mng-
nitixie less than that generated by a 1% mutch in pbotodiode volim. At
250C the output noise voltage vas 7 millivolts, 8.77 millivolts at 225C
and 6.5 millivolts at -550C. Plots oft output noise voltage squared van=~
frequency can be found in the appendix.
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4.0 CIlZMI~T DE= OCN

4.1 General Overview

Shown in Figure 6 is the schtic diagram of the preamplifier. As
uentioned earlier, the overall structure is that of two similar radiation
hardened op amp stages in cascade. There are some variations between the
tw due to different gain-band th products, stability requirements and short
circuit protection requirements.

The transmpedance gain of the first stage Al is 30K and is set by
feedback resistor RFI. Its closed loop bandwidth is set by the closed-loop
pole obtained between MFI and lead compensation capacitor CF. The bandwidth is
a ,inul value of 2 megahertz. Elements R15 and CIN are used to match the
impedance seen at both input ports. This is important in order to minimize
current induced voltage offset and also to balance the photocurrents gen-
erated at the input by these resistors. The open loop bandwidth of A1 is set
by CM1 and the gi of the input stage, using the classical dominant pole
approach. It is a ninal value of 8 megahertz. Only 2 megahertz as required
for the gain-bandwidth product of Al (voltage gain is unity in this stage) h-
ever any further reduction would require a larger value COM1. At its present
value, the phase margin of the stage is greater than 450. The value of CCP1
is 50 pf (relatively large). Any further lowering of gnwill increase the
amplifier' s pbotocurrent sensitivity due to the reduction in operating current
in the input differential pair.

Figure 6 also shows the input ptxtodiode DL, and the co,e'mting
masked pbotodiode DD . DD is required to provide mtched (-axde) pboto-
currents to the preamplifier during a transient gamm event. DD also assues
a mtch in impedances seen by both input teminals. During circuit simulations
both pmodiodes e delled as capacitors whose value was the sum of the
fdioe!s depletion and isolation capacitances. A wrst case figure of 6 pf was

used.

The second stage A2 is a non-inverting amplifier in a gain of 133.
The closed loop voltage gain is set by

RF2 + R31
131

Resistor R32 matches the impedances seen by both input ports of A2. This re-
sistor shall be a P+ resistor thereby generating very low radiation currents.

There are four ion-Implanted resistors in the circuit whose islands
shall not be tied off to the epositive side of the resistor. These are
R15, M'I, E2 and R31. Depending on the offset condition of A, and A2 , these
resistors my have voltages of either polarity across them. If they wre tied
off one could establish a forward biased junction between the P Implant and the
N - island.

Resistors R15 and MF shall be broken up into ten series connected
ZK resistors in separate islands to limit the photocurrent contribution they
generate to that of a single 3K resistor.
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TANE 3

ELITCAL PENIIANCE

MW FMMM-ACTOAL

A, 2 8i a -

A 2  266~ MZ 76 MB

* ACTUAL
POE DIWATIC2K (Two ahumiels) T~~~UR

=1 M.litts 25PC

220 1250 C

208 -55PC

AC S'WA~-STh QUP~ WM
Ozsm no~ offsets)

PRE-=A V ouxt (SS AC) - 528 Mllivolts

POT4AD V out (SS AC) - 519 Millvolts
(Natron Spec)

These outpuxts wwe obtalned based on a adn'sin~ 300 namantt Ins
sigza.1 anid a pbotodiode r osiit of .44 awe/matt. The correp ng steady
state AC input signal used vas 132 n.muzes
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The case of resistors RF2 and R31 is more camlex. These tw re-
sistors have -ismipicantly different values (F2 - 13.2K and R31 - 100 ohms)
hver since they set the gain of A2 they must ratio. In addition, their
pbtocurrent generation mst be mutually compensating in order that no diff-
erential voltage appears at A2 's input. The approach that was chosen dic-
tated RF2 to be built as eleven 1.2K series connected resistors in separate
islam and B31 to be twelve 1.2K parallel connected resistors in separate
islands. This resolves the ratio tracking problem but leaves R31 generat-
ing twelve times the poc t of M-2. This was resolved by paralleling
eleven dummy islands, whom volume matches that of a 1.2K resistor, with F2.
A summary of this ccmpensation schem is sbin in Figure 7.

A gain of 133 for A2 Implys this stage must have a gain-bandwidth
product of greater than 250 meghertz. This figure would be un-s--le
if the amplifie wre required to be stable at a closed loop gain of unity.
Hwever at a gain of 133, reater than 45 degees of phase margin has been
achieved. mitter degeneration resistors R35 and R36 tend to reduce the gm of
the input stage. However they are required to aid in the stability of Al. Te
Sm of A2's input stage is

1

gm R35 + 2 X.

q .1.Q47

The collector current of Q47 is 185 microanps and therefore gm is 780 microbms
C*An-bandwLdtb product is defined as

2itC

Here C is element CC'2 or .45 pf tberefore the gain-bandwidth product of A2
is 276 megahertz.

When reading the system schemtic, all device names with a trailing C
in the name are photocurrent comensation devices and are reverse biased.

TAME 3 lists gLin-bandwidth requir its, actual total power dissipation and

actual pre and post radiation steady-state output voltages.

4.2 Bftsin

Both stages Al and A2 are biased from a canon voltage reference con-
sisting of D 1, Q27, Q8 and 29 however each stage maintains its own isolated
NPN and PNP base biasing rails. R24 sets up current of 275 ua to bias the
zener WZ. Devices Q11 and Q57 then set up re ance currents for the four
in da base rails located at the bases of Q9, Q14, Q55 and Q60.

4,3 Input Stages

The inputs stages of Al and A4 differ in structure. For A, an NPN/PNP
modified Darlington configuration ws chosen (Q31-Q1 and Q3.2). -The necessity
for this type of configuration bere is due to post-neutron bandwidth reduction due
to a lowering of Sm. The exression for Sm of a differential pair is

1

gm 2 rb +  s + re]
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Where rb is the base spreading resistance, re is the dynamic input impedmce
and Rs is a source impedance. For a radiation insensitive gm it is desirable
that the second term be dominant since it is not beta dependent. If a simple
differential pair were used, Rs wuld actually be R15 or M (30K). Therefore
und post radiation conditions, betas wuld not be large enough to adequately
swamp out this term. Using the Darington approach, the gm expression is

sm = 1

2 [rl +Rs + re

Bn

and the Rs term now is effectively buffered.

The input stage of A2 sees a low source impedance. At the non-
inverting input this consists of R32 in series wit the output of Al and apprX-
imately R31 in parallel with H at the inverting input. Therefore a simple
differential pair was chosen. Upon initial simulation of the open loop gain
of Al a 10 B gain peak was detected around 50 megahertz. The peak was caused
by the fact that at 50 megahertz the feedback factor of A2 was low enough
that A2's input Impedizice began to look capacitive. At the sm time, at
high frequencies, the impedance looking into the emitter of a folloer stage
emulztes an inductor. This creates a now well kwm tank circuit effect.
To changes were the key to the removal of the peak to obtain the smoth roll-
off characteristics presently seen. First, emitter degeneration resistors R35
and R36 eused to incease the real part of A2 ,s input mpedance. Second,
capacitor CE in Al in parallel with the dynamic impedance of Q20 plus R14 gen-
erates a zero in the ransfer function. The cmbined effect of t set
elements assures the stability of Al with a simulated phase margin of 65 degrees.

4.4 Active Loads and Gain Stages.

The input stage current mirrors used in A1 and A2 are modifications
of the classic Widlar current mirror. In Al devices Q3 Q4-Q5-B and Q7 form
the mirromr. Q5 is essemtially diode connected by the base-emitter junction of
Q3. The paralel cobination of Q6-Q7 draw out Q3's enitter current from the
base rail of the mirror. Note that devices Q6 and Q7 have the same areas as
Q4 and Q5 and therefore serve as p1oc sion devices. Device Q12 serves
as a buffer between the mirror and the gain stage Q1.9. Q12 is biased at the
sae current as Q3 so the base currents they rob from the collectors of Q4-Q5
aure equal.

Q12 and Q19 form the gain stage of Al. apacitor CCM perfozs the
pole-splitting action of the integrator. Note that this capacitor ties to the
output of Al and not to the collector of Q19. Simlations show a greater degree.
ofphase mriisahevable usn hi proach.
4.5 Outu Stage and Shr Circuit Protection

Both Al and A2 use the standard class AB output stage found on ran-t
op map used today. The oupu stage of A2 differs from that of Al in operat-
ing current and device size. Also, A2 incorporates a short circuit prctection
scbene using Q74 and Q75. Since system speclfications required A2 to drive a
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coaxial cable, a parallel H load was used throughout the simulations. The
value of R is 2K and C ins 100 pf. The large output devices and operating
points help source and sink the larger currents necessary to drive such a load.

Under short circuit coaditions, large currents may initially flow
through resistors R33 or 134 (depending on the direction of the short). If
the drop acoss R33 reaches one diode drop, device Q75 turns on and robs driv-
ing current from the gain stage. A slmJar condition of opposite polarity
causes a simIlar effect from B34 and Q74.

4.6 Breadboard Simulation Results

Shown in Figure 7 is the block diagram of the breadboard version of
the phbtopreu lfier. For the tr-ansimpedance stage, the afore mentioned rad-
iation hardened op amp (913) as used. This part is internally c<eni.ted and
has a gain bandwidth product of 10 megahertz. For this reason it ws not
feasible to use this op amp for the second stage since in the breadboard ver-
sion this stage requires a gain bandwidth product of 100 megahertz (NW - 1 -E~

at a gain of 100). Instead, a cmmeoial op amp, the HA5190 mmzfactured by
Harzis' Products Division us used. 1s part has a gain bandwidth product
of 150 meghertz but is not radiation hardened.

The pupose of cstructiM the printed-circuit board version of the
system vas to see if the required overall transimpedance of 3 _-goms and a 1
nmei rtz bandwidth could be achieved without instability. Also the circuit
unas to be used to amplify signals fro prototype pho s wlr~e fabrication
was near completion. The results achieved ee very good. A spectrum analyser
skxmed' the gain at 3.1 megohI and a bandwidth of 1.5 megahertz. The laser light
used to drive the pbotodiodes us modulated by a 100 kilohertz square wave using
a quartz mdlator and the diodes output was properly amplified by the bread-
board pre.plif ier.
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5.0 Conclusion

A design approach and a method of implementation has been presented.
Computer circuit similations have verified that the DINS photodetector will
meet gain and bandwidth specifications over temperature and process variation.
In addition the part will be able to meet these requirements after exposure
to neutron fluence of the spec level. Simlations also show the preamplifier's
ability to drive a capacitive load without instability and its indefinite toler-
ance to an output short circuit. The photodetector is also nardened to with-
stand a transient gmm event of the specified level. This is the single mst
critical spec of the system and is also the most difficult to achieve. As can
be seen from Table 1, only 1% match in pbotodiode volume will provide a signal
to noise ratio greater than 1 to 1. Statistical data (fron a different process)
shows 5% matching to be an achievable tolerance, however, at this level the
signal to noise ratio is short of spec by a factor of three. It was stated
during the status meeting helct on June 7th that a I level of one order of
magnitude less than spec wld be representative of what the pbotodetector wuld
experience. Under this condition, a 5% mismtch in photodiode volume implies a
signal to noise ratio of 3.2 to 1 or a factor of three greater than spec. We
feel that this level of * is a more realistic figure to expect the photodetector
to tolerate.

The design presented here has been the combined effort of many individuals
whose sills range fram ccmputer-aided design to state of the art process enhance-
Smet. It is our belief that provided the above compranise in spec is assured,
the DIM photodetector effort holds a great chance for success.

I
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DC CnC= STATICRS

2.1 250 Opeting Points

2.2 1250

2,3 55

2.4 250 Post Nmaatn (Oerting Points
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I DIMS P~nfT0P9EAMPLIFTEQ OPFRaTIN, POINTS (TEMPFRATURF 25 OFGPEES C)

3
4 --- VOLTAGE SUPPLY CUJRPENTS ---

6 -NAME CtJDRNT - NAME -CURQNT
7 VPOS -3.29QE-0 7 VNEG 3.754&E-03 TOTAL POWFR Z106 MW (ONE CHANNE

to--- ZENER DIOnE --

13
IQ In=-2.761E-LI VO:-6.2n5F.00 REG= 9.305E+0I CAP: 1.710E-1
is-
16 w---- SJT'S --
17
18 NAME: 01 MODEL: PPO
I9
20 IR=-a.8931E-07 IC=-6.936F-05 V6F=-b.6'i5E-P1 VRC: 1.222E.O
Ylf VC:I 1228E+Ct BFTADC= 1."1~6E+02 GM: 2.689E-03 PP15f- .iAa1E.
22 RO= 1.011E+06 CPI= 1.SA3E-12 CMU= 1.8115E-13 BETAACZ 1.571E4'0
23 FT= 2.422E+08
24
25 NAME: 02 MODEL: PPO
26____________________

27 lgz:4.826F-07 IC=-b.935F-05 VSF=-b.b45F-01 VPC= 1.229E+0
28 VCF=-1.2Q5E.01 SETAOC= 1.437F+02 GM:t 2.689E-03 OPI= 5.8a7E,0

29 R0: 1.012E+06 CPT= 1.582E-12 CMll: 1.842E-t3 gETAAC= 1.572Ei'0
30 FT= 2 .4 T-1EVO

32 NAME! 03 mOUEL: ONO

34 IS= 3.042E-07 TC= 4.917E-05 VBF= b.471E-ol VBC=-1.2q5E+O
35 VCE=_1.360E.01_SFTADC= 1.616E+02 Gm= 1.9n8E-03 QPI= 9.873E+O

3 O 1.77; KE -()6 COPT 9.3N-13 CmIj= 2.P!39--t3 BETAAC: 1.86-49-O
37 FT= 2.529E+08
38
39 NAME: 094 MODEL: RNI
40
41 18= 5.137E-07 IC= 6.907F-05 VSFz 6.4?OE-01 V8Cz.-7.156EwQ

43 QC: 1.061F+0h CPI= 1.b53E-t2 CMIJ: 6.644E-13 8ETAACZ 1:5A7E-0
44 FT= 1.841E+08

46 NAME: 05 MOnEL: RN1
* ~47___ _

48 15I.4E0 C , ~~5 VE ~~FO ~~~~7E-0
49 VCE: 1.2pqE~fl0 RETADC: 1.343F+02 GM' 2.679E-03 RPTz 5.918F+O
so PD:_1.O60E.O6 CPT= l.b53E-la Cmil: b.71F-13 BETAAC: 1.SAhE.0
5 FT: 1.933E.08-6
52
53 NAME: 96 MODEL: PN1 ___

54-
55 IF%= 2.142E-07 IC= 2,4;13F-05 vBE: S,151E-nl VPC=-3.142E-O
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96 VCFi: 9.293F-, 8FTAnt: 1.119F+tM2__ GN 9.409F-t'a QPTZ 1.aQ5F.
I~373 3F+06- CPI T37~ii .2 1 7P-l3BET6fA A C= 1-.-410,8

58 FT: 7.133E.()7

61
62___ TR= 2.102E-n7 rc= 2.4?)3F-5 VBE= 6.15tE-11 V8C:-3 . Ia2 E -

64 RO: 3.Ot3E*Ob CPT= 1.378E-t2 Crt 7.217E-13 BET&AC= 1.a~hE
65 FT= 7.133F+07
66
67 NAME: Qg MOnEL: RPO
68
69 18=:-9.047F-07 Tc=:.1.397E-0& V6F=-b.8?IE-0l VRiC= I TQ2E+
7O VCE=-l.461E*(' BETAOC= 1.544E+02 Gm= 5.404~E-03 RPI= 3*Qa4E.
71 Q0: 5.132E+05 CPT= 2.381E-12 Cm11: 1.773E-13 BET&AC: 1.6'ISE#
72 FTz 3.362E+08
73
74 NAME: 129 monEL: RPI
75
76 I8:-2.2a4F-06 IC=-2.85SE-04 VSEz-6.883E-0l VRC= 6.4Z4E-
77 VCE=-1.331E4 BETAnC: 1.272E+02 GM:z 1.103E-0'2 QPT= 1.219E.+

j78 Rn: 2.042t'(5 CPI= 5.'459E-12 CM(J: 6.855E-13 SETAACZ 1.344E.#
79 FTz 2.857Ei'08
go
81 NAME: 010 MODEL: RPI

82
93IRZ-4.474F(Jb IC= 5.~91-65 yBE:6.9lQE-01 VSCz 1.32aE#
84E -.nq2E+01 BETADC= 1.373E+02 Gm= 2.18lE-03 PI: 6.560EIO
85 RO= 3.14E06 CPT= 2.OfllE-12 CI4U: 2.'52E-13 BETAACZ 1.2Ei

88 NAME: Oil2 MODEL: RNO

g7o:a.~~O I[-. 'L.76OE-04 VdEz 6.9A3E-fl1 'BCE-1.948E4
98 VCE= p.393E.01 BFTAOC: 2.7E0 G'M: I..qa7E-fl QPI:_2.1lE,

900 RT: 3.263E.05 P=201-2eU .5E1 FAC .1E

10? I= 2.705E-07 1C= 'Q.7h9F-n Vi6E= b.43E-nl V5BCz-3.85F

106 VC0 1.353E.01 CPI:DC 1.518E-12 MII: Ad7F-m3 I3ET 1.017E-

101

1081



wl28 JUN 79 21:51:17 HARPTS SLASH/a PAGEfJ

III 18= 1.81;2F-6 IC: 2.AI.9F-fl Vt3F= h.793F-01 lt____11E-
*T-V9 VCF Ei31 3FOdE-AC= -1. 9-A4 o a Gm: 108F-64-p Pt1-I.5qE.(

1 13 PO= 2.540E+015 CPT= 2.919E-12 CMII= 6.970E-13 BETAAC: 1.7R8E+(
114 FTZ 4.878E+08 _____

116 NME: 015 MODEL: QP0

11,9 VCE:..L.3QSE+Al RETADC= 1.573F+02 GM= 9.538E-03 RP1: 1.723E*(
120 RO= 2.862F+05 CPT= 3.66'8F-12 CmII: 1.afl9E-t3 8FTAAC= I.b43F.(

121 FTz 3.944aE+08
122
123 NAME: 916 MODEL: PNILC
124
125 IS= 1.566E-06 IC= 2.428E-04 VRE= 6,751E-01I VRC= O.OOOE.(
126 VCEm b.751E-01 BETAOC: 1.550E+02 G-m: 9.347E-03 OPT= 1.815E*c
127 RO= 2.9A1-E+f5 CPr: 2.675E-12 CMUJ: 8.401E-13 BETAAC: 1.704E+(
128 FTZ 4.250E+08
129
130 NAME: 017 MODEL: RPtLC
131
132 IB:-I.q38E-lb IC=-2.4P4F-04 VBE:-6.842E-01 VRC: O.OQOE*(
133 VCE:-h.842E-01 SETADC= 1.251E+02 Gt.' 9.372E-03 RP!: 1,418Evc
134 RO= 2.3A5E.05 CPI: 4.872E-12 CMUz 9.888E-13 SET&ACz 1.329E+(
135 FTz 2.545E+08

136 NAME: 018 MODEL: RNI

139 18z 3.914E-07 ICm 5.860E-05 VBE: 6.337t-01 V8C=-1.328EC
IGO VCEz 1.391E41 RETAOC:m 1.aq'iE+02 GM:c 2.275E-03 RPI: 7.927E+C
141 PD: 1.465E+06 CPI2 1.518F-12 CmiI: 3.qaoF-13 BETAAC= 1.8flaE*C

142 -FiT 1.81fi~Tr+-
143
144 N AME: 019 monEL: RNI

146 IS= 1.377F-46 ICZ 2.479E-04 VBFZ 6,714E-01 VRC=-1.215EiC
147 VCE= 1.352E+01 9ETADC= 1.8nFlO+02 Gk~: 9.595F-43 RPT?: 2.077E+(
148 Rd0: 3.a35E.05 CPIZ 2.4A9E-12 CMII:1 3.975F-13 8ETAAC: 1.943E+(
149 FT= 5.290E+08

isri-AME: 020 M~r~ 0- PE . -NILC
152
153 18= 1.595E-06 ICm 2,477E-04 VBF:_6.756F-01 VBC= _Q*OtnOE.
154 -v~z VCE .7gb-OL -18E-TibO: -*553E +02 Guz 9.577E-413 API= 1.7AlE+c
155 P0: 2.921E+OS CPI= 2.704F--12 C1.II: 8.al0E-13 8FTAAC: 1.706F+(
15b FT= 4.2Q9E+08

158 NAME: 021 MODEL: QN4
1 59 __

1V ~ .AE C S.j9-E V'E:-(3- -O ajnF+(L3~,
161 VCE: l.445F.+11 8BET4OC2 1.703E.02 G'1 2oObE-42 opr: q*9,

162 R0: 1.653Ee05 CPT= 7.4Z67E-12 CmII: 1.117F-12 BETAArz 1.952E.e

163 F!: 3.775E.O8*--

165 NAME! 4R2 monlELS QP4
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lb7 i ~ Z3.9TE-6b ICz-5.25 .-()a VB:-05-f1 VW(F 1..LLQE +
165 VCE=-1.aQSEi.01 SETAOCZ 1.'A7Efl2 GM= 2.077F-012 RPTZ 7.q(16E.

169 Ro: i.37uE.051 CPT= 1.1'A5F-11 trMU= 7.31SE-13 BETAAC: I.bIOE*C
pd FT-r .661M8eO

172 NAME: Q?3 mOnEL: RNtLC

174 IB: 5.178E-4l7 IC= 6.946E-05 VBF= b.4P3F-01 VRC= 0.00F.C
175 VCEz 6.4P3E-01 BETAOC: 1.314E+42 Gm: 2.bROF-03 QPTz 5.871EeC
17b RG:z 1.051EF+E, CPT= 1.b97E-12 CMII= 8.103E-1-j3 8ET&ACZ 13-F -+0
177 FTz 1.729E+08
178
179 NAME:7 s924 MODEL: RNtL.C
180
181 19z 5.177E-07 ICz 6.90SE-05 VBEz 6.423F-0l1 VIHC= O*O(0E.~I
182 VC-Ez 6,423E-01 BETAOC: 1.334E+0)2 G~'z 2.b79E-03 RPIz 5.872E.0
183 Ro: 1.051E+06 CPT= 1.657E-12 Cm'Jz 8.103E-t3 BETAAC: t.573E'0
184 FTz 1.729E+08
1 8w
186 NAME: 025 MODEL: RNlLC
187
188 IR: 4.ZR7E-!n7 IC: 5.518F-os VBIF: 6.365SE-01 BC: 0.OC0OEMI189 VCE= 6.36SE-01 8EThOC: 1.2 7E.O2 Gm= 2.142E-43 RPI= 7.19SE+0
190 RO: 1,315E.06 CPT= 1.573E-12 CM'J= 8.OA2E-13 SETAACZ 1.SalE+0
191 FT: 1.G32Eeq8
192
193 NAME: 026 MODEL: RPILC
Tqp
195 rRz:4.98-07 IC:-5.494E-05S VBE:Z-6.45-01 Va3c= 0.OOOE+0
196 VCE:--aSE-0t SE1AOC: 1.1flIE,02 GM:= 2.132F-03 OPT= 5.853E.0

7~ RTU: 1.05fWE+06 CP.L: 2.1roh-12 CmU: 7M -3 .84E TAATC= .248E
1q8 FT: 1.111E+08
199 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~o ( NAME: - 27' &WLnL: RN1LJ
201
202 IRz 1.751E-ab IC: 2.744F-04 VBE= b.7A3E-01 VRC: 0.001F+0

203 VCEZ #.7MS-1 BETAOC= 1.567F 02 W~ IM 1. 060k-02 ~p I z -1.6 P-7
204 R0: 2.637E+05 CPT= 2.659E-t2 CmII: 8.46aE-t.3 SETAACX 1.712E+0

205 FT= 4.554E+08
10 6
2017 NAME: V~8 MODEL: RNILC
208 __________ _ _ _

4 IRZ 1.791E-Ob IC= 2.744F-04 VBF= 6.7R3E-l v 8 e i-.000ofe 41
210 VCE= h.7436-01 BETADC= 1.547F+02 GA= 1.060E-'12 RPTz 1.615E4.0
211 RD=_ P3 2.hl7E45 CPT=_2.A59E-12 CM1J: 8.462E-13_BPTAACz 1.712E.O
212 P*T: 4,c954AF.08 - _ _

213
21a NAME: 029 MODEL: RNtLC ___________________

215
21b IRz 1.79IF-036 IC: 2.74'iF-A' VBF= b.7R3F-fl1 VBC: 0.00flF*0
217 VCP: 6.793F-Ot 4FTAOC= 1.967F+A2 ___ M: .OAOE-M2 OPT= 1.b15E.(1

210R: '2 b37E,05 -CPIi 2.8gqE-12 OMI .AE1 FTAAC1-.712F~0
219 PTz 4:5aF+08
220
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2,11 MANE? n10 mOflFL: QN0

223 IS=-7.4fl3F-ll IC= 7.'431F-11 VHF=: 0.0n'oE+00 vr-.PF
224 VCF= 1.;OFn 8FAC-.04~ Gmzl.5l4E-14 QP~z 1.713E+
225 RO'- 3_.7l7E+t13 CP1: 4.5900E; CMi:ll 2.7fl4F-13 BET&ACM-2.57SE-
226 FTz-3.3a2E-03
227

230 18z 3.hA,9E-fl7 IC=_6.2QIE-fl5 VHEz_6.5pqF-01 VBCM-1.4q7F.
2 31 V vCE75-62-FWf -A c:_ 1. T E +0 2 GM- -2.144O-3 QP1IZ 8.38E+
232 RO: 1.3QOE*06 CPT= 9,954E-13 CMiIJ: 2,596E-13 SETAACZ 1.961E+
233 FT= 3.0Q4E.Q8

235 NAME: G32 MAODEL: PNO
236
217 113: 3*h9F-A7 IC= 6.24RE-05 V8E: 6.529E-01 VsC=:-1.4i57ET+
238 4VCE= 1.562E+01 SETAOCc 1.705E+02 GA:z 2.440E-03 QPIz 8.037S+.
239 Q0= 1.390E+06 CPT= 9.994E-13 CmIJ: 2.596E-13 BETAAC= i.9&lE+

* ~ 3Og240
241

*242 NAME: a33 MODEL: RNO

244 I8= 3.7Q7E-l7 IC= 6.376F-0'5 VBE= 6.517E-41I VRrz:-1.3?SE+,
245 VCE= 1.3QOF..01 BETADC= 1.679E+4l2 GIA= 2.473F-03 OPT= 7.793E~i
246 RO= J.345E_+Fb CPIS 1.00l6E-12 CMII: 2,662E-13 SETAAC= 1.927E.l
247 FT: 3.094E+08
248
249 NAME: 034 MODEL: RNO

251 18=__IS 3,707F-fl7 IC= 6.37hE-05 VSE= 6.537E-MI1 VRC=-t.32SE'

255
256 NME: 035 monEL: ~PP

58 T1A= 4.391E-12 IC:-a.4fl59-12 v 13F 0.fl0'to C f6 v 6c =. 3 a E +
2'59 VCE=-1.034F.O0 RET40C:-1.003F.00 Gmz-9.387E-16 RPT= 2.4.47F.
260 QO: 7.0~EEe3 CPT= 5.2006-13 CNII: 3.812F-13 BETAAC:-2.297E-'
261 _FT:f5EY z -- E
262
263 NAME: 036 MOnEL: OPI
264
265 18= 9.7A2F-1P TC=-8.A1lnE-12 VpiF: o.fonEoF0n V8C: 1.0"tuE.(
266 -VCF=-l.fl34E+1O 6ETA0Cz-j.0')3F+0U Gm:-1.877F-15 RPT: 1.2P13F*I.
267 RO: 3.548E+13 _ CPI1i9.50OE-t3__CmII: S. aE-13 -ETA ArC-2 .297F-(
268 FTZ-t.9Q7E-)4

270 NM: r~ iEFP
271
272 TO=__ 4, a3QIE-12 IC:-a.a05E-12_ v4F: o.o~oFm0 VRC= 1.014E*(
273 VCE:-i'03MEe(O S4ETAOC:-1.Ol3,FlO- G.I:-9.3A7E-1h QPT= 2.447E.l
274 RO= 7,n~Fl+V13 CPT= 5.2mOE-13 C.%Ii: 3.812E-t3 8Fr&AC-2.297F-t
275 FS10E0
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279 18:-I.2Lt5E-I1 IC= 1.249F-ii VBF: o.ofloFEfo VRC::-1.026F+.
2 9 W V IfE =f -.0~ 8 -( - TAoC:=-j.003F(OO GM%4-2.529E-15 -qP'T:8.5iE

281 RO= 2.5SFl1E.3 CPT= 8.200E-13 CmID: 6.273F-13 5ETAAC=-2.1ASE-(
282 FT=-2.7ALE-04

284 NAME: 939 MOOEL: RNI
285
286 I~z-L.a45E-1I IC= 1.249F.-11 V13F= O.0nOE+00 VBC=-1.O;hE.(
287 VCE: 1.0l26E+00 FRPrAOC:-1.Ofl3EO0 Gmz-2.529E-15 RPI= 8.56aslE4

288 RCO 2.5fllE.13 CPT= 8.2nOE-13 Cmfj= 6.273E-13 BETAAC=-2.16SE-C
289 FT:-2.78IE-04
290
291 NAME: 040 MOD0EL: PN1
292
293 18:-I.2a5E-11 rC: 1.249E-11 VBE: O.aoflE+00 VSC=-1.026E+C
294 VCE= I.02fEe.0 AETADC:-1.003Fe.O0 GNI=-2.5?qF- 15 QPTz 8.564FE+i
295 RO= 2.501E.13 CPT= 8.20OF-3 Cmu= 6.273E-13 BETAACZ.2.16SE-0
296 FTZ-2.781E-04
297
28 NAME: 041 MODEL: PNIU 299

300 rR=-t.245F-l1 IC: 1.?a9E-11 VBF= 0.0lO~E+00 VRCZ-1.026FiC
301 VCE= 1.0;)6E+00 BETAOC=-1.ol3F.+0o Gm=-2.529E-15 RPIZ 8.5E6-4Ei1

305 NAME: 042 MOflEL: RPO

308 VCE=-1.494F,01 BETAOC-1.0iE.00 GtA-1.357F-t4 QPIz 2.447E~t

NA0 E RO= 4.900E+13 CPT= 5.2OE-13 CMJ .2E1 B:Ev;ICiI3.j:;E;
312 NAME: 043 manFL: RN4

314 ____T8z-.524711 IC= 6.621E-11 VBF: O.OOI0F~io B=I390
35 VCE: t205qE.00 8ETAflCZij..nflE~n Gm:-13-4 PT= 2T.t~
3hRO= h.571R.t3 CPI: '.AO -12 CMII:l 3.7P9E-12 dETAACZ-.87.339E
317 FT:-u.PAE-64

31§ NAME: 045 mOOEL: ONOf

321 cE lg-.4F1 £4TCz1.252E-1 VOQ GMO.2AaF~no VRT: 1.713F~n

33ROZ :8710Fl213 CPT= '&,50FlP-13 CMIIZ : .2-iE!3 9FTAACz:-4.135E-0

3285
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3731 FTz-2.304E-fl4
139-
333 NAME: a46 monEL: RNO

336 VCEz l.0PbE+00 RFTAC-l.o03F+00 Gm=-1.2E64E-tS OPT= 1.713E**
337 ____RO: 5.002E+13 CPI: 'L.500E-t3 CMII= 4,235E-13 BETAAC-2.165E-1
338 - #TTi-2.*304E-;64
339
340 NAME? 947 MODEL: RPO
341
342 Irg-1.215E-06 ICZ-1.879E-44 VI4E:-b.qf3E-I1 VRC= 1.2A2E-+
343 VCF=-1.331E(71 RFTAOC: 1.56FE+02 Gmz 7.296F-03 RPI:_2.245E+(
344 RO: 3.752E*05 CPI: 2.977'E-12 CMIJ: 1.824E-13 BETAAC: 1.629E~f
345 FTz 3.655E+08
346
347 NAME: 048 MODEL: RPQ
348
349 Tgz-1.216E-f, ICZ-1.87qE-l4 VSEz6.9A 3E-0L V 5.5 i..21
350 VCe iL.t3!50Ei.014 f FT A 0C:- 1. 4 5 E +0 2 GMz 7.256E-0 RPI= 2.245E+(
351 Ra: 3:750E+05 CPI: 2.978E-.2 CmlJ= 1.8PSE-13 SETAACz 1.b29E,(
352 FT: 3.654E+08

354 NAME: 049 MOflEL: RNO

355 rR: 3.ta4E-07 ICz 5.063E-os V5Fz 6.479E-i1 VBCZ-1.281E+.
357 VCE= 1.345E+01 SETAOCZ 1.UIE.02 GM= 1.964F-03 RPI: 9.5q7Et"
355 Ro: 1.645E+06 CPIz 9.412E-13 CMI!: 2,680E-1.3 BETAAC= 1.845E+(
359 FT: 2.54-6Er408

366

368 NAME: G51 MODEL: RNI
369
33 IS= 1.231E-06~ IC= i.87&E-fl4 VSE: 6.68IE-o1 V8C:-6.379E-'
364. VCE: 1.3I6EeOO8BETAOC= 1.52L&F>02 Gmc 7.261E-0l3 Rprz 2.337E.!
372- RO= 3.'3q2E.05 CP!: 2.345E-12 CMU: 6.869E-t3 BETAAC: 1.697E.l
363 FTz 3.811E+08
367
375 NAME: 091 MODEL: RNI

370 18= 1231~E-06 IC= 1.876E-04 VHEZ 6.Isi-ot VI~rz-64079E-l

379 _____QO 3.OI5Ei.6A C?!: 2.377E-12 CMI,: 6.843E-13 RFTAAC: 1.q7+
380 FT 3.15FE.04
351
375 NAME: 093 ____IorEL: ;Nt ___

374 - 8 ri2.l-lEfFl7 ICZ 2.42aE-AS VHF: !,.151F-flI Va:-a.02?E.
378 VCEz 1.018F-+00 RFTAflC: 1.lfl6F.02 Gmu 9.415F-04 QPTZ 1.49bEP.
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386 Rfl: 3.oisE~fl6 CPI: 1.377F-1,2 CMI': 7.01 aF-13 BETAAC= 1.UOAF+C
387' F T Z-7 .- I qE)E
388
384 NAME: 054 MOnEL: RPfl
390
391 IR=-R.3A6F-flb lCz-3.7APF-4 VBE=-7.089E-01 VRC: 1.287F*O
3q2 VCE=-1.35AE+fll BETADC: 1.5A5E.02 Gm= 1.4S1E-02 QPIz 1.125E+C

Q 0-F -1.K's F +0 5 CPI= 5.253,E-12 CMIIZ 1,835E-13 SET AACZ 71. 63EC
394 'r--aA
39"
396 NAME: 055S MOOFEL: -1.
39.7
398 14=-2.5AIE-06 ICz-3.3nFl8-04 V8E:-6.92E-l1 VISC= 6.510E-C
399 VCE=-1.343E+00 3ET-A0Cz 1.2AlE+U2 GM= 1.27bE-02 QpIz 1.055E'C
400 RO= 1,761E+05 CPI= b.109E-12 CmII: 6.984E-13 BETAAC: 1.347EC
401 FT: 2.9A4Ee08
402
403 NAME%: 056 MODEL: RPI
404
405 18=-6.019F-07 IC= -8.31BE-05 VBEZ-b SIOE-01 VB C: 1.310FC
406 VCEz-1.375E.01 BFTADC: 1.382E#02 GM:= 3.2P8E-03 QPT= 4.7q9E.C

407 RO= 8.544E+05 CPIz 2.398E-12 CmIj= 2.S5F-13 BETAAC= 1.c49E.C

408 FT= 1.96-4E-+W8
410 NAME: 957 MODEL: RNO
41

412 1s= I.5R9e-t, ICm 3.314E-04 VgEz b.950E-11 VBC=-1.qROE.C
4.13 VCE: 2.049E+01 RETAOC: 2.055E.02 Gm= 1.274E-02 opr= 1.738E+C414 R0o: .7IE l5 CPI= 277213E-12 CMIJ: 2.459E-13 8 E TAA SMT
415 PT: 4.250E+08
416

418
419 15: 2.991E-07 IC: 4.814E-05 VBE= 6.466F-ll VIC=-1.252EC

421 QO: 1.773E+06 CPI: 9.245E-13 CMtI: 2.679E-13 BETAACZ 1.878E.C
422 FTz 2.4ASE.08

424 NAME: 059 Mn~tfEL: RNI
4 2 5 - 8 g = 3 g4? a 3.722t-4l7 ICZ 14.bf8F05 VBF= 6.321E-0l IC-385-
427 VCEz 1.019F+00 RETADC: 1.297E+02 Gm=: 1.816E-03 'QPT: 8.3ASE.C
428 RO= 1.560P.(16 CPT= 1.520E-12 Cm":= 7.110F-13 BFTAAC: l.5P3E.C
4.2q FT= 1.236E+08
430
431 NAME: 060 MODEL: RN1
"432-
433 18= 2.07bE-06 IC= 3.3PSE-04 VIIP: 6.832E-01 VBC=-b,368E-(
434 VCE= 1.3?0F.00 AFT&OC: I.hfl E+f2 GM= l.2A3F-n2 RPI: 1.353E+(
*43S R0=:2.1OIE+0c5 - cPr-T-AE-l CMII41177,Of7E -113BTAAr:17I.-736E.(
43h PT: 5.258E+08
437 ____

434 --MAME:- 1161fl: P
439
440 TS:-1.9P3E-0h IC:-3.0l9F-)4 V6Fz-7.0P9F-l VOCZ 1.30l7E.(
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*441 ___VCF-=-1.377Ffll RF:TAOCZ 1.9PIF+f2 Gm= I.lAqF-n2~ OPT= 1.4fl2Fn
442 RO: 2.321Efli - CP I=_4 W348l$-12 CmiI: 1.821E-13 BFTAAC= 1.640F..C

*443 FT: 4.107E.08
444

* 446
447 1R= I.AA3E-l6 IC=_2.970F-04s VSFZ 6.A4F-ll VRC: 0.0lOE+O
448 VCEFTb.AAfl4ElI SETAOC: I1.577 .+02 G%4= 1.1'17E-02 OPT: l.497E*6
449 RO= 2.435E+05 CPT= 2.99lF-12 CMII: 8.50AE-t3 BETAAC= 1.717E.o
450 FTs 4.732E+08
4 51F
452 NAME: 063 monEL: RPILC

454 Im=-2.345F-66 lC=-2.966E-04 VBF=-6.895F-01 VoCz 0.not~E+O
455 VCE:-b.@q5E-O1 BET40C= 1.2h5E+02 GM= 1.145E-02 OPT= 1.165E+O
456 RO: 1.94qE.0S CPT= 5.653E-12 CmIJ: 1.031E-12 9ETAAC: 1.334E.0
457 Fl: 2.72?E.08
458
459 NAMEk: 064 mor)EL: RNI
460
461 IS= 4.329E-07 IC= b.599E-fl5 VSE: 6.36SE-Ot VBC:-1.322E+0
462 VCE: 1.3R6Ei01 SETADC: 1.525E+02 Glft 2.562E-03 RPTz 7.119E+O
46 CPI: 1.377E-12 CMII: 3.944E-13 8ETAAC: -1.824E90

4b4 FTz 2.069E+08

466 NAME: 065 MOOEL: RNI
* 467

468 18= 1.662E-Oh IC= 3.046E-0~4 VBF= 6.768E-01 VBC:-l.278E4C
469 VCEZ 1.346E*01 BETAflC: 1.833E.'02 GhM: 1.178E-02 RPI: 1.705E*O
470 RO: 2.7Q2E.05 CPIz 2.771E-12 CmII: 3.981Em13 BETAACz 2.008E.O
471 F!: 5.91L4E+0C8
472
473 NAME: 066 MODEL: RNILC
474
'475 1S= 1.9P6E-Ob ICz 3.044E-04 VBE= 6.810E-ai VBC= 0.0O0E~c
a76 VCE: 6.910E-01 SETAOC= 1.580F+02 G-%: 1.175F-02 QPT= 1.462E+C

477 RO=2.376Fn9 CP~ 3.033-12 _m__ 8.52E-13 __AAC= _718E_

477 RO:z a.g37-6-l P:3038l MI .~E13STA:178
* 479

480 NAME: 067 MODEL: RN8C
da81
4R2 IR: 4.970E-06 TC= 8.IA5E-l4 VBF= b.481E-al VRC=-1.428E.c
4A3 VCEz 1.4q3F*"1 SETADC= 1.647E4.12 Gm: 3.17hE-02 QPT: 6.034E+r
484 ROZ L.OhbE'W9n5 CPI= .4F1 CmLI:185-I EAC:L96
485 FT= 3.a96E.08
4 6 _ _ __ _ _ _ _ _ _ _ _ _ _ __ __ __ __ __

4A7 NAME: 06 A ODL: PPC
488
489 Iz5 A-A IC:-8.17IF-f4 VI.IF-69AFmj1 v5Ir:1.4P7Ei.C
490 VCE:-1.43E'fl kkETADC: L.-*,4t3F.062 - G-42313:2 ~ T 5.0l4E.(
491 QO: A.8P9E+A4 CPI: 2.006F-11 CMIIc 1.170Eml2 SETAAC: 1.5qlE.C
492 ___F?: 2.379E+08 ___

493
494 NAME! 069 m1OfEL: RNILC
495
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4% 1Il~z t.240F-06' IC:_l.876E-n1a VdF= 6.hA3F-l __VPaC= 0.OflOF+'

447 VCF: --W.A 3FZi BE T ADC: = .51 3F+42 Gm = 7.2'AOF-03 QPPTr:2 32OF>+-
4q8 RO= 3.8(,E(05 CPT= 2.354E-12 CM":z 8.2Q9E-13 BETAAC: 1.bA4~E~l

501 NAME: 070 MODEL: RNILC
50)2
,503 18: 1.2409-n, IC= 11876E-04 VBEZ 6.693E-4~1 VBCz 0.00OE+1
504 VCE= b.bA3E-01 SETAOC: 1.513E+02 Gm=: 7.260E-0~3 RPT= 2.320Fl~i
505 RO: 3.861E*05 CPT= 2.354E-12 CrMI,: 8.299E-13 SFTAAC: 1.684E+(
506 Fl: 3.629E+08
507
508 NAME: 071 MOD)EL: PNILC
Soq
510 18: 4.7QSF-07 IC= 6,.306EE-05 VBE= 6u.3q9E-0ll VBC= O.OOOE.(
511 VCF: h.399F-01 BFTAOC= 1.315F-idA2 GM= 2.4a47E-03 RPT= 6.377F+(
512 RO: 1.151Eifl6 CPT= 1.620E-12 CMIJ= 8.094*E-13 BETAAC= 1.561E+(
513 FTz 1.603E.+08
514
515 NAME: 072 monEL: RPILC
516
517 IR=-6.fi76E-n7 IC=-7.hP2F-0S VBE:-6.54OF-01 V8C: O.OOOE+(
518 VCE:-6.540E-01 BETAOC= 1.142E*(02 Gm= 2.957E-03 RPt= 4.3()3E+(I 51 RO: 7.609E.')5 CPI= 2.478E-12 CM'J: 8.912E-13 BETAAC= t.272E#(
520 FT= 1.396E.08
521x522 NAME: 973 MODEL: RNO
523

52L 18-7.364E-11 MC 7.3Q2E-11 VBE: O.OOQE.')0 VBC=-1.213E,(
525 VCE: 1.213E+01 SETAOC-1.00'4E+00 GMz-1.496E-14 RPI: 1.713E~l
526 RO= 3.R82E.13 CPT! 4.50OF-13 CMII= 2.707E-13 BETAAC=-2.5625-f
5P7 FT=-3.303E-n3
528
529 NAME: 07a MOnEL: RNI
530
531 rgz-!.814F-10 IC: l.apIF-l0 V8Fz-h.367F-04 VBC=-1.a95E+C
532 VCE: 1.4a4E.')l SFTA0C=-1.0aF,00 GIM:-3.6bt4E-14 OPT= 8.56'LEl
533 R0: 1.817E+'13 CPT= 8.lq8E-13 CMII: 3.8-'4E-13 BETAAC=-3.195-
534 FTz-4.869E-03
5,;5
-536 NAME: 975' mODEL: RPI
537
538 15: 1.2kQF-10 IC:-1.R75E-10 VSF=-6.3A7F-n4 V8(: 1.a0gE,.
S3q VCE-l.4q4Ee-nl IbFTAC-I.flO4E+0 Gm-2.bpqE-14 75-0 1-i. aF AE -+
540 90: P.4SOE+13 CPT= 9.502F-13 Cmil: 2.473E-13 BETIAC-3.17bE-C
541 FT=-5.4Q4E-n3 _____ _

542
543 NAME: M76 mOnEL: PP')
544 ___

546 VICE=-l.tG2FDa RTAOCZ-1.0l3F,.0 GtA:-I.0A3F-iS qP1: 2.447Ei
547 R0: 7.060F+13 CPI= 5.2maF-13 C.%II:z 3.678F-13 BFTAAC=-2.'bUQE-C
548 FTZ -941E-04-
549
550 NAME: 077 MODEL: OP
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5151 __

553 VCEz-l.lG2Efl0 BETADC=-1.003E+flQ Gm=-2.166F15 QPI: 1.223F.1
554 P0: 3.510F+13 CPT= 9.5'nOF-13 CMII: 5.272E-13_BETAACz-2*6bLqE-C

-S5S - FT=-2.*3*3E,-0(4

557 NAME: 078 MODEL: RPO

Z5 R= 5.06SE-12 TC:-5.08IE-12 VSF: O.OflOE+0O VBC= I.IQ2E+O
560 VCEz-I.102E+0O BETAOC:-1.003F+flO Gm=-1.083E-15 RPTz 2.4a7E~l
561 40=7WO PTT52fO - CmtJ 3.678E- f BEAAC:2. 49E
562 FT=-1.941E-04
563
564 NAME: 079 MOOEL: QNI
565I
566 I:137- IC: 1.321F-11 VBE= O.OOOE.'10 VBC:-1.085E.0
567 VC~z t.OASE.OO BETAOC=-1.00f3Ei.O0 Gmz-2.674E-15 RPI= 8.564E.1
568 R0: 2.4q7E.13 CPT= 8.200E-13 CMU: 6.223E-13 BET&AC:-2.29OE-O
569 FT:-2.95LE-04________________
570
571 NAME: GAO MODEL: RNI
572
573 JIFF-I1.317E-Il ICz 1.3PIE-I1 VBE= O.OflOE.00 VBC=:1.085E,0( 574 VCEs l.OASE.#OO BETAOC=-1.003E.00 Gmz2.674E-15 QPIz 8.5FGE.I
575 RO: 2.497E+13 CPT= 8.200E-13 CmIJ: 6.2P3F-I3 BET&AC=-2.2q0E-o
576 FT=-2.951E-04

578 NAME: 081 MOM~E: RNI

580 I8:-1.317F-11 IC= 1.3PIE-I1 VBEz 0.OOOE+00 VqCz-I.PksF+0
58et VCEx I.OA5E.00_BET40C=-1.003E.Oo Gm:-2.674E-I5 P!: 8.544E~l
582 P0~T3 CPT= 84200 -13 CMIJ: b*223E-13 8ETAAC=-2.2§OE-O
583 FT=-2.951E-04
584
5!85 NAME: 082 mODEL: RNI
1556
587 IS=-1.317F-11 rc: i,3piF-ti VBE: O.OOOE+00 VeC-l.8sE+A(
588 VCE: 1.OASFOO 8FTAOCz-1.OO3i.0Q G!M:-2.674E-15 QPT= B.544E#1
589 RfD: 2.407E+13 CPIz 8.200E-13 CMI): 6.2P3E-13 8ETAAC=-2.2q0E-o
590 FT=-2.9SIE-04
591
592 NAME: 083 MODEL: PO

594: I A .721F-11 C:-7-6.7489-11 VSF= O.OOOE.na VRC= I.Sik2E,+
595 VCE=-I.R2Efl HETADC=-1.O(A4E,0O Gmz-1.4'77E-14 OPT= 2.44z7E~l
sqb RO: 'A.8OfE.13 CPT= 5.200OE-13 CMIU: 1.bQ4E-13 8PFTAAC:-3.56bF-

7 ~FTz-3.31 7F-;ll
598
99q NAME: qA MC)DEL' QN8C

601 IRZ-1.310E-to ICm 1.315P-t0 VB~z O.OflOE.Io VHiC=-1.370F.O
602 VCEz I.370.Flfl RFTADCZ-1.0 IE~f10 Gm:-2.702E-14 OPT= 1.070Fl
601 PD .l5qI R: .fO-I MI 2.853E-12"8ETAAC---2.892F-0
604 FTZ-4.749F-0I
6015
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604 NAME: Q8 MOI'EL: qNO

608 IS-1.2A5F-11 ICZ 1.28qF-11 VRF= O.OtAOE~no VgCZ-2.IIAF+
609 VCF=2 .118E~fl0 RFTAflCz-1.Onf3E.00 G-Mz-2.hlOE0-15 RPT= 1.713E,
610 si0 4E - 4-E ,I3= CT .T500-13 C IJ: 3, a-37 SE TA A C Z .47 1E -

611 FT=-5.0;-PE-04
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I DINS PM0TOPPEAMPLTFTER OPFRATIN, PO)INTS CTENIPFRATIIIRE 125 DE(nPFESC)
2
3
4 --- VOLTAGE SUPPLY_ CIJPPFNTS

6 NAME CIIPONT NAME C~I)RQJT
7 VPOS -3.430E-03 '/NFP, 3.894E-03 TflTAL PnVYFR :110 MW CONE Ci4ANNI

10 __ -ZENFP rj1OflE -

12 NAME: flZI mOfEL: nZP

14 Ifl: -2.7P14E-0'a VO=-6.u6OF400 0 r G= 1.2-'';E +2 CAP= 1.297E-

16 --- RJT'3 --
17
18 NAME: 01 MODEL: RPO

20 18: 3.197F.O8 IC:-6.9P2E-05 VBF=-4.873F-a1 V'3C: 1.qE
21 'VCE:-1.343E~l RETADC=-2.!0 5E,.3 GM: 1.9QbE-n3 OPT= 1. o08E+
22 P0: 1.035E+06 CP1: 1.375F-12 C-*AIJ= 1.3P6E-13 BETAAC= 2.Cl2E+.
T3- FT= 2.009E0
24
25 NAME: 02 manEL: PO
26
27 IB: 3.2a2E-08 IC=-6.975E-05 VSF=-a.875F-oi VBC= 1.303)E~
28 VCF=-1.39lF.O1 BETADC=-2.151F+n3 G4= 2.012E-n3 QPT= 1.002F'f

fq d=1.08F06 CPI: 1.379E-12 C-AUu 1.393E-13 BETAAC= 2.016E+(
3o FT= 2.110E+1~8

38
32 NAME: 13 MODEL: RNO
40
34 18: T9-.5qF-'7 TC= 5.04F-M5 VBF4 a.5E-nI1=1.aQ
42 VCEf:- 1.007cE+.OO-R ETAOC=- 8.7;70,2 G'4:- 2.46--E-3 -PT -,-- - E.

04 OPT= 1.5"9E-O

3q NAME: 04 MODEL: PNI
47
48 IS: 4.01SF-7 ICZ 7.0IOF.-05 a8~ A&5AEf
42 VCE: 9.0n7F-00 BETADC: 1.717FE+02 Gm=: 2.015F-03 OPT= : q37OE+

50= 1OT.048E0us CPT= 1.921-12 CM: .51IF-13 BETAAr: 1.9nqE.(
41 FT= 1.479E.Os
45
56 NAME: 09 MODEL: N
47
55 15: 4.118F-0~7 TC: 7.010-05 ViBP: 4.5ASE-mi
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56 VCE: 5.30SE-li FFTA0Cz 1.308F~fl2 GM= 7.228F-n4 RPTZ_2.2qlE+
5; En- -c E1. 9F --12: --- '=7 .6 11F-15j36"fTAAC:di- 1640F.

Sit Fl: S.bIOE~fl7

6 0 N A MEi -r7 MGODEL: RN1
61
62 _____ z I.qn2F-07 ICz_2.aA7P-l5 VHFZ~ 4.21OF-fl1 VIRC=-1.075E-
13 VtE-x5305F-l 8FTAOC: I.3080,*;-2 Gum 7.aRE-n-A4 QPI: -F.27
64 Rom 2.927E,06 CPIZ i.2191E-12 CM~gz 7.611E-13 BETAAC= 1.660E'
65 FT= 5.610E'flT

66
V7 14AME: OA MOEL RP
68

70 VCE:-1.455F*th1 BETAOCz 5.120E*02 GM: 4.OP3F-nf3 QPI: 5.2;)qE.
71 Rom S.IA5E+65 CPT= 1.qA3E-12 Vrmulz 1.395E-13 BETAAC: 2.10~4E+,
72 FTx 3.022E.'8
73
74 NAME~: QQ 10OOEL: QP
75
7b !8:-I.R12f-06 IC=-2.PbPEO4 VBEZ:.lheE-l VRr: 4.576E-(
77 'VCE:-9.772E-h1 SETADCz 1.539F+()2 G':t 8.172F-(13 RPI: 2.047E+(

In RU 2.021E~f CPI= 4.453E-12 CMIj: 1.39ffE-t2 SETAAC: 1l.7 1 4E:;
79 FT: 2.Z25E:.6e

at NAME: a10 MODEL: RPI
62
83 IS= 5.194E-07 IC:-5.996F-l5 V8F=-4.576F-01 VSC= 1.361E+(
al VCEz-l.a07E+!ll BETAOCZ-1.162E+02 GM: 1.713E-3 QPT= 1.116E.?
as R0: l.aIAE*Ob CPI= 1.MqSE-la CMIJ: 1.954E-13 BETAAC= 1.9l2E+(
86 FT= 1.304E*flS
87
88 NAME: 011 monEL: ONO
89
90 18Z 1.804E-07 IC= 2.82IF-04 VBF= 5.??2-ll Vf4C:-2.05hE4(
91 VCE: 2.109E*01 dETAOCZ 1.saA9E:,03 GM: 8.107E-4l3 RPT= 3.375E+C
92 R0: 3.30eF*05 CPT= 1.051E-12 CmII: 2.183E-13 BETAAC= 2.736E+(

93 FT: 6.903E*08
94
95 NAME: 012 MOD0EL: QNO

97 rS=.3.6Q5Efl7 rC: 4.762aE-05 VSF: 4,?F4 VBC=-1.340E*C
98 VCF: 1.3A7E~ml BETAOCZ-1.219f+62 G-M= l.3kaE-l3 QP! 1.666E+

100 FT= 2.Om8E+~AA
101__ _ _ ___ _ _ _ _ ___ _ _ _ _ _ _ _

1O2!%*MPEFf 3MOF'0
103
104 IRz 3.113E-d7 IC: 4.773F-0l5 VBF: 4.452F-01Oi-tq4-

106 0:I.S45E.Ob CPT= 1.410E-12 CmIl: 7.377E-13 BETAAC: 1.818F+C
107 FT= 1.019E*Aa _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

109 NAME: (314 MODEL: RNI
tin
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11 __-ISZ 1.487F-06 rC: 2.812F-04& VHFZ 5.07SE-l1 ___VRC=-4.459F-

112- V4CE: 9.532E-'A1RAFT-ADCi=T-qnF -47 GM: 8.IftqE-03 OPI2 2.S79E*
113 ROz 2.5RlE~fl5 CPT= 2.:aAOE+:,2 CMlI: 7.QF1 BETAAC: 2.112Ei.
114 _ T: 4.O10E#08 _________ _ ___ ______

116 NAME: 015 MOflEL: RPO

119 VCE=w1.410E.01 8FTADCz 3.042E+02 GM:A 7.0R6E-43 QPIz 3.008E.,
120 RO: 2.926E+05 CPT= a.92OE-t2 CtMI!: 1.381E-t3 BETAAC: 2.1jaE-
iel FPT:- 3. h5 7 E +0
122
123 NAME! 016 MOnEL: RNILC
124
125 It= 1.554E-06 IC= 2.445F-04 VSF: 5.024E-01 VRC= 0.OnOF.(
126 VCEz 5.024E-01 SETADC= 1.574E+02 GlM: 7.OA2E-l3 RPI: 2.9riOE+'
127 RO: 2.299E+OS CPT= 2.315E-12 CM,!: 1.132E-12 BETAAC= 2.089E+(
128 FTz 3.270Ei'08
r29
130 NAME: 017 MODEL: PPILC
131
132 I@:-1.988F-06 IC:-2.44IE-ig VBF:-S.1a7E-01 VI4CZ O.OOOE.(
133 VCEZ-5.147E-O1l BETAOC= 1.227E+02 GM= 7.074E-03 RPI= 2.407E+(
134 ROC 1,441E+05 CPT= 4.047E-12 CMiJ: 3.323E-12 SETAAC: 1.702E*(
135 PT: 1.528Ei+06
136
131 NAME: 018 MOD0EL: RNI
138
13q Is=-9.236F-07 IC= 5.9p-9E-05 V8E: 4.459F-41l VBC:-1.3h1F,(
110 VCEZ 1.Gl06E~nl BETAOC:-6,4n2E+01 Gm: 1.685E-fl3 RPI: 1.282E+(
141 RO: 1.4A8E+fl6 CP1: l.419E-t2 CMII: 3.506E-13 BETAAC= 2.160E+d(
142 FT= 1.316E+08

150
IA4 NAME: 020 MODEL: RNIC
145
153 18: 1.q'6E-lb IC: 2.452E-04 VBEZ 4.959E-0l1 VBC=_0.0'3OE.C
147 VCEz 1.O35E+01 BETAOC: 1.06QE+.03 GMZ 7.068E-03 RPT: 3.45OE+C
155 Rom 2.3fl7F+fl CPT= 2.11E-1Z CIT: 1.53 4-l B6ftA Arm 2.445E+(

151 NAME: 020 M60QEL: RNIL
152
15318 1.:5f54E6 rT 2.16E-4 VSE= S765E-01 VsCz T.anAF4+C
151 VCf: S.494iEAl BETAOCZ 1.5199E02l PAC 7.056E-032 RPf: 1.'JAiOE+.c
162 RO= 2.307~F05 CPT= 2.311E.12 CMili 1.17GE-13 SETAAC: 2.3e5E.C
16 FT: 3.265F*08

164 NAME: 21 MODEL: QP'j

94 9



1127 576-7 1 :-74A -14 ;7Wr vbF-4 .614F -01 v WrF -t. Z5F:-;-
16,8 VCE=-1.494E*fll 8ETAOCx-j.000F+03 GM: 1.6'97E-02 QPT: 1.240E+4
169 R0: 1.271E*fl5 CPT= 1.1l39F-11 CMll: 5.60~4E-13 RF.TAACm 2.054F4,
-f 7---- -T: i2. dd08 E;;6a
171
172 NAME: n323 mnnfEL: RNlLC

174 18=: 4.5AOE-07 IC= 7.OOSE-n5 VBF= 4.548F-01 VBC= 0.OOOF+(
175 VCF= 4,588E-41I RETADC= 1.530F+.02 GM:_z2.01SE-43 RPIz 9.323E+(
M6 R -ib1 7afE + 46 CPT= 1.5P38M CIFA .4-3 -13 8ETAAC:- 1. 68E.
177 FT= 1.370E*08l
178
174 NAHE! 924 FAOfEL: PNILC

181 IS= 4.579E-07 IC= 7.OflhF-fl5 VIIE: 4.8F-al VBC: 0.OftoE.(
152 VCE: 'a.SR8E-fl1 BETAOC: 1.530E'+02 Gm: 2.035E-03 OPT= 9.325F+(
163 RO: 1.027E+06# CPT=I .SPeH-12 CMII: 8.423E-13 8STAACm 1.896E+(
184 FT= 1.369E+08
JAS
186 NAMSi: 025 MODEL: RN1LC
187
158 10= 3.8n0E-n7 IC= 5.6flOE-05 VdE: 4.511E-01 vacc O.OoOF+(
189 VCE= 4.S11-01 BETAOC= 1.474E+02 Gmz 1.bP7E-l3 RPTz 1.08SE+(
190 ACo: 1.288E.06 CPT= 1.4S4E-l2 CmII: 8.377E-13 OFTAACM 1.851E+(
191 FT: 1.132F-4ne

193 NAMP: (36 MODEL: RPILC

195 IIR:-4.210E-V7 lCZ-5.5qaE-'5 '48FZ-L.b33E-Al VVBCZ 0.OOOE+(
196 -- VCE=-4.633E-l1 BETADC= 1.328E+02 Gm= 1.h24E-03 QPIz 9.be3E+(
1'u RU= 1.U55k+Ub GFI: 1*956-1d C# R i--.0pt- 1213 E T l1573 E+
198 FT: 6.632E+07

2VVUFTXPE- U27 MOOkL: RN1LCE
201
202 18Z 1.809E-06 ICz 2.706E-0~4 VBF: 5.060E-01l VIC= 0.OOOE.'

aa3 V~tZ .Uept-Uj UhAOJC: 1 .t1i: h.8E-0 3 RP FT . E+
204 RO: 1.789F.fl CPT= 2.431E-12 CMIJ: 1.261E-12 BETAAC= 2.O99Ee.(
205 FT= 3.378E+08
aub

207 NAAE! 028 MODEL: PN1LC
208________ _

210 VCE= 5.060E-01 RETADt C E4= GM: 7.R38E-l3 RPT= 2.b7q4.
211 RO= l.7A9E,*05 CPT= 2.'i11E-12 CMtJ: 1.261E-12 OFTAACM 2.09qE.(
-2 12-- T 3 3 7E8 ____ +- -- 8

213
214 NAME: 029 mODEL: RN1LC

216 IS: 1.809E-lb ICz 2.706E-04 VBE: 5.OAOE-0l VBC: 0.OOOE.'
217 VCEz 5.060F-01 RETA0C= 1.4qhF+02 GM: -7.838Efl3 OPT= 2.679E.q

219 FT: 3.37AE.*Og
220
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221 _NAME: 030~ MODlEL: RNO _____________

922
223 JIg-s.qqlF-n7 IC: 6.2l9P-o7 VBE= O.fOOOE+0O0 B:q.~E

225 ___ I/ -4.9. 5F+AS ~EAC-l.*o,* Gm:-1.322E-09 RPI= 6.762E5.
225*b T 3:.5402 CPIZ:4 '0115Z 1 3 -'C-MII: 2.3e9E-13 BETAAC:-8.qaIF-

227

228 NAME5: a31 -- - OE:Nf- ______

229
230 1R=-3.bA715-07 IC: b.511EFl45 __VBF 4.731E-41l VSC=-1.4q4E+
231 -- VCE:1'I541E-+lRT'KC-.76F.02- GM= 1.869F-f13 RPI=:1.2725.
232 RO: 1.3AS315,b CPT= 9.090E5-13 CMII= 2.322E5-13 BETAAC: 2.378E+
233 FTC 2.607E+08

235 NAME! n32 MODEL: RNO
236
237 1R:-3 9h~lE-0 7  IC= 6.51115-05 V515: 4.731E-01 v~tr:-1.4q4E,
238 VCEz 1.541E5.01 SETAC=C-1.766E5if2 GM:z 1.8hq15-A3 PPI= 1.272E5.'
239 RO: 1.36315.06 CPT= 9.OqOF-13 CmII: 2.322E5-13 BETAAC= 2.378E+;
240 PFT:20758
241
242 NAME: 933 MODEL: RNO
243
244 re:-3.0lqE-07 IC= 6.471F-05 VSEZ 4,71E-01 VISC-1.360E.(
245 VCE= 1.407E5.01 BETADC=-2.10E5.02 GM: 1.860E5-03 RPT: 1.26,1E.(
246 go= 1.34qE+fe6 CPT= 9.115E-13 CMIJ: 2.36&E5-13 BFTAAC: 2.344E5i(
247 FTz 2.57715+08

I4 -NAMAE: 034 MODEL: RNO
250
251 IR:-3.0395-07' Ic: 6.471E5-05 VBF: 4.734E-61 VBC:-1.360E5.
2 52 V CE 1fi-.407)15.01 -BETf A 0C =- 2. 13 0 E + 2 GM:z- 1. 8;61E-A3 -RP T Z1 .2 A 1E +

254 PT: 2.577E5.08
255

25b18 2.870E-08 IC:-2.973E-fl8 V 8 0. fl(Ed 8 -O V B C -8.8 17 5E
259 VCEz-8.81715-01 BETADCZ-1.036E5,fO Gmz-6.709F-11 RPJ: 9.686E5.(
260 RO: 8,466E+~08 CPT= 5.200E5-13 CMII: 3.181E5-13 9E1TAACz-b.4q8E-c
ab F~~ 1 -
262
263 NAME: 036 MODEL: RPI
FS 4
265 IF= 5.701-OR IC:-5.9abF-08 VBFz 0.000F+40( VFsCz 8.817F-(
266 VCEz-8.817F-0l RETA0C=-1.0 615.00 G-m:-1.317E150~ RPT: 4.843E5.
2Q67z- -O~2 13F +()A- CPI -4-f0- f d-mjTa. 5 63 E I513 BE tAA C ='.b7 5Et

268 FTz-1.513E+01
264 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7a 7 NAiE: t~-d37 MORFL: RPO
271
272 192 2.87015-08 lCz-2.q73F-08 Vb15: 0.0n0F+flo VRC: 8.817E-C
173' -CZ8 8 E -'j~iC-j.b3F0 Gm:-h.7n9E-11 Q;PTZ 9.bR6E.(
274 RiO: A.466E+.08 CPT= 5.20015-13 CMIIz 3olAIF-13 A1TAACZ:6.,L98E-c
275 T-.7El
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27h1JM: 08 O~TI

278
279 I9=-8.086F-08 IC= 8.375F-fl8 VBE= 0.OOF+00 Vmt:-S.bcgE-.
S8 0 -V C E - -&Q 8 E - A7f=-;1f3 -W Gm=-1.776E-10 -Q T: -3 .3 93 E V

281 RO= 2.9AIE,68 CPT= 8.200E-13 CMIJz S,9lbE-t3 BFTA~r=-6.025E--
282 FT=-2.002E+.41

284 NAME: 03q MODEL: QNI
285
286 IR:-8.086F-08 IC= 8 37SE-08 VBEZ O.OO)OE.)o V8c:-8.bQ8E-
287 VCEs 8,hq8F-01 BETAOC=-I.036EOO G~mz-1.776E-l) QPT= 3.3Q3Ee.'

268 RO: 2.9AIE'fl8 CPT= 8.200E-t3 CMI.I= S.916E-t3 BETAAC:-b.O.-)5E-i
289 FT=-2.0029E.01
290
291 NAME: aa0 MOflEL: RNI
292
293 1B=:8.0A6E-IR Ic= 8.375E-Oa VBE= 0.0flOE.d0 VBC=-8.bq8E-C
294 VCEz S.bai5F-01 STADC=-1.016E,00 Gmz-1.776E-io RPI: 3.393F,.C

W-di79 2.9W-nE~ CPT= 8.200F-V:13 -CM7i~i-:.91t6-13 -lFETAAr:-b.025E-(
296 FT=-2.002E+4f1
297
298 NAME: 04-1 mODEL: RN1
299
300 IB:-a.0AhF-08 ICz 8.37SE-08 VBE= 0.000E+40 V0C=-S.,698E-f

01 VCEz 8.6 8E-b1 SETADC=-j.036Eq00 Gm:..1.776E-10 - RPTz 3.393E.C
32ROz 2.9AtEe.Oe CPT= 8.200E-13 CMII= 5.916E-13 BETAAC=-6.025E-C

305 NAME: 942 MODEL: RPO

307 I8= a.869E-07 IC:-5.084E-07 VBE: 0.00aE.'0o VBC: 1.aqbE*
308 VCE:-1.aqbE.01 BETA0Cz-l.04aE.0 G?4:-1.137E-09 RPI: 9.663E.O
309 RO= 5.816E+08 CPT= 5.200E-13 Cmu: 1.316E-13 BETAACZ-1.Oq8E.O
310 F T: T7 2
311
312 NAME: 043 MODEL: PN4
313
314 1Rz-3.7A2E-l7 IC= 3.917F-07 VBP: O.00OEe'n0 VBC:-l.17Ee.
315 VCE= 1.017E+00 BETADC=-j.0lhEfl0 Gm=-8.1AbE-10 OPT= 8.a78E(n
516 RU: 7.4M+0.7 CPIz 3.pfl0E-12 CMIJ= 1.658E-12 BETAAC-.4 _
317 FT:-2.675E.01
318
319 NAME: QU4 MEDL. NN
3a0
321 1R:-7*OQaF-A8  IC: 7,340F-08 '1SF= O.O('OF+0 .Oo.5h~

323 RO: S.862E.08 CPT= a.500F.13 CM I:= 3.b29E-13 BETAAC=-l.064E-0
324 FT=-3.07uE.01
32 5
3a6 NAME: 145 MODEL: RNO
327

329 VCE: 8.608F-01 BETADC:-1.01hF+00 GMZ-8.9 7F-,1 RPIz 6.7R8E-(a
330 Rom S.962E*08 CPT= 4a.500F-13 CMII: 3.9q3E-13 9ETAACZ-6.06,7E-0
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331 FT=:.h75E..fl____________ _________

33?
333 NAME: n246 MOnEL: RNO

35IRZ-.u.O3F-f8 Icz 4'ij87F-oa vfiF:- fl.OOOE~flO VgC=-8.69AF-
336 VCEz 8.648E-01 8ETA0Cz-1.036FlO0 GM=-8,917E-11 RPI= 6.7A8E4
337 ROx 5.962E+09 CPI: 4.500E-13 CMU= 3.993E-13 BETAACZ-b.067E-
338 FT=-1.675E+01--
339
340 NAME: q417 MODEL:RP___
341
342 IS:.5.23SE-07 ICZ-1.846,E-04 VBE=-5.214E-O1 VSC= 1*334E+
343 VCE:-1.3A46F*01 BFTA0C: 3.9P7E+fla GM: 5.32SE-fll QPI: 3.941E+
344 ROZ 3.866E09 CI 2.3976-12 FM'11-.-38A3F1l3 ETAAC= .099E+
345 FT: 3.342E+18
346
3T7 NAME: (24A MODEL: RPa

349 TP:-5.269E-07 IC:-1.852F04 VBE=-S.216E-41 V9Cz 1,332E+
350 VCE:.1.3SGE84E 1 BFTAOC= 3.515F.02 GM S34E-3 rPI 3.929FE+
351 RO= 3.853E+05 CPI= 2.403E-12 CMIJz 1.3A4E-13 BETAACZ 2.099E*
352 FTx 3.345E+08

354 NAME! 0249 MODEL: RNO
355
356 IR:-3.463E-07 Icz 5.lq9E-O5 VOES 4.659E-01 VRC=-1%332E+
357 VCE: 1.379E.01 SETAQC:-I.501E.02 QMS 1,4Q1E-03 PP!: 1.537E+
358 ROC 1*6788+06 CPI: 8*618E-13 CM4~z 2.371E-13 BETAAC: 291P..+

19 FTC 2.15W+78
360

361 NAME: 050 MODEL: RNI

364 VCE= 9.444E-411 FrAOC: 1.846F+.f12 G!4: 9.37SE-03 RPI: 3.844E+

368 NAME: 051 MODEL: PNI
369
370 IR: 1.004E-06, IC= I.OS5F-04 VBF: 4.924E-01 VOCZ-4.659E--
Tr I VCU= 9.5A3E-41 SETAOC: 1.8499+02 gFE735ElS S..I I.4

372 00m 3.9SOE+OS CPI: 2.041E-t2 CMUJ ?.OQ4E-13 8ETAAC= 2.066E.
373 FT2 3.10l3E+08
37-4
375 NAME: n252 MODEL: QNI
376 ______ _

37 I ~ 1 .9V-~ -C: VB. .2nS W;)aQEO
378 VCE: 6.342F-01 RFTAOCz 1.3AQE*02 Gm: 7.Pfl8E-fa QP7: P.305'
379 QI): 2.939F~flA CPI: 1.289E-12 CMII: 7.2nFlo-13 OFTAAC: 1.661E.'
TA ThT5711+W
3ei
382 NAME: 053 MOnEL: PNI
'3 A,
3A4 15= 1,749F-07 ICZ 2.4A?F-415 yap: 4.2PpE-01 VRC-P.114E-'
385 VCEx h.342F-l1 IFTAOCz 1.360E4402 GM: 7.208E-4la WPI: 2.305F+(
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3Rf, ROM .jFA CPT= 1.2AqF-12 CmliI 7.200E-13 RFTAACZ 1.661E.(C

388
3A9 NAAE! 054 MODEL: PO
-390
391 18:-1.'*I7F-0e IC=-3.714F.-04 VBE=-5.4haF-l V8Cz 1.317F+0
3 Q2  VCF-j.X72F+fl1 9FTAfC_?.Sh7E+fla Gm,= 1.06bE-fl2 Rp1: I.q71F+O

3q4 FTm a.OISE+Cl8
3q5
'P NAME: 055MOL:~P
3q7
398 lRz-Ro.qSE-0h IC:-3.27OF-04 V1F-5.2G8E-01 VSCZ 4.b9oe-

pq ~V C E O E - nI 5FrhDfC:- .4!OET)2 z 9.45IF-03 RPTI= 1 E+0?
400 RO: 1.4q9E.05 CPT= 4I.918F-1,2 CmtI: 2.27SE-12 SETAAC: 1,718E.O
401 FT: 2.OA5EAA
M0

403 NAME! 056 MODEL: RPI
404

U4095 I~ 3180l9k-07 IC=-8.a6bE-lS VBE=-A.bqE-nl VBCZ 1.342E;0
406 0CEz-1.3A9Eg01 RETADC=-2.170E+fla GM: 2.375E-03 RPI= 8.241E+O
407 ROM A.76lE..C5 CPT= 2.106E-12 CMIJz 1.9f,5E-13 BFTAACz 1.958E.0
409 FT= 1.642F+08
409
410 NAME: 057 MODEL: RNO

412 rS: 3.6A6E-07 IC: 3o266F-01 V8Ez 5.27SE-01 VBC=-2.037E+O
413 VCE= 2.OqQEI.01 OETAOC= 8.S6IE*42l G113 9,377E~-03 IPPI: 2.922E''
414 ROM 2.845F+05 PI 17E1 CMI): 2,190E-13 BETAAC= 2.740E.
415 FTc 7.365E+fla1~ 416
411 NAMt: g~ MUt* MNO
418
419 18=-3.648E-07 IC= 4.803Efl5 V9F: 4.631E01t VRC-1.334E.O

421 RO: 1.8I8E.0E, CPT= 8.458E.13 CMI): 2.376E-13 SETAAC: 2.274E.0
42 T: 2.022F+08 ________________

424 NAME: 059 MODEL: RNI

47 VCEz 6.41SE-01 RFTADCz I.IE512EO GM:= 1,379E-03 QI=139+
428 RM1.540E*06 CP=i.attE-la CM~ 7,352E-13 8ETAACz 1.819E+()
4d9 PTZ 1.023t~oa
430 *

431 NAME: 060 MOnEL: RNI

433 16: 1.7n4F-n6 IC: 3,27AF-fl4 VBF= S.125F-l1 cZ.STo
434 VCEz 9.611E-01 I3ETAVCz 1.9P4P>.02 G-4: 9.471E-03 QPTZ 2.243Ei.0
'45t RUM d.ddflk#0 CFL: 2.677E-Ie CMIJ: a-.olbS-13 HFTAArc: 2.2E-
436 FT= 4.333E+08

439

440 TSz.1.07',F-Oh It:-2.985F.04 VEZ-513ASF-ol VACz 1.350E+O
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441 VCF:--1*aflG46*0l RTAflC: 2.744F*fl2 61M: 8.*64F-O3 OPI: 2.U54E*
Mig - OZ -2-374F. 05 -CPIi: 3.'14OF- CMtJ: 1.38~96-13 6ETAAC;:2.114E*'

443 FT: 3.Ar,3FPe0
444 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

445 NAME: 1)42 MOEV: P h MNIC-
446
447 IS= 2.218~F-0l6 ICz 3.026F-04 VBE: 5.101E-01l VRC:- O.flOOFE*'
443 VCE: 5.lfllE-'I gETiOC:- 1.364E.0 G .74-03QI2 O7
449 RO: 1.231E+05 CPI= 2.57*3E-la CMllZ 1.540F-12 SE'rAACz 2.110E+(
4S0 FT: 3'4341E+08
i's I
452 NAME: 06~3 MODEL: RPILC
453

49 Rz-3.3OIF-fl IC=-3.016F-04 VBF=-5.22bE-ll VRC= O.OOOE;i4
455 VCEz-S.2P6F-01 ReET&DC= 9.138E+01 Gm= 8.75SE-03 MPIc 1.953E4(
456 RO: 5.066E+04 CPT= 4,687E-12 CMII= 9.7hbE-12 BETAAC: 1.709E+(
457 FT: 9.641E*07
458
4S9 NAME! 06,4 IMODEL: RNI

461 18=-8.774E-07 IC= 6.777E-05 VBE: '&.S47F-01 VOC:..1.355E.(
462 VCEZ 1.400E+4l1 9ETAOCz37.7P4F+0j GM: 1.912E-03 QPI: 1.136E+(

46 OZ 1.298E.ob CPI: 1.455F-12 C?4U= 3.510E-13 8ETAACz 2.194E*(
46a FT: 1.702E+08
465
466 NAME: G65 MODEL: RN1

468 19839F-07 IC: 3.02NE6O'4 V86= 5*035E-ll V8C=-1,31SE+C
46 VCz .3b66E+01 BETAOC: 1.646Es-03 GM: 8.72SE-3 W fI 7-'2.g2 6E.+C

471 FT: S.107E.08Ill NAME: 066 MODEL: RNILC VE .QEi VC .OE

474

432 11E-K.122E-66 IC: 3.I0E8-04 VSEZ 5.6QqF-61 V9 0 600
483 VCEz 5.503E.O1 BETADC:-1.373E+02 GM: 8.712E-03 QPT= 2.qoaE*o
477 RO= 1.26E+05 CPIz 2.56E12 CMt: 1,5E-12 BETAAC= 32E+.C
485 T:c -. 9dIE.O*d

480 NAME: 067 MOEL RN8C
481
459 18=-6.122E-06 ICz 9.170E-04 VSEZ 4.82E-01 VBC: 1..49'OF.O
48 Cz153+1 EA~-.qE0 GM= 2.#b56E-02- QPt: 7.9SE.O
w41 MO: 7.0 4-5.(4 CPI= 1s5-= tI CMtj: .6 4'5E-f 13 ETA AC = .-3 2E + C
482 PT: a.163E.08
483
494 -NAME: 068 D40EL: -N!C
485

48q19c2.PIEmb IC=q.a4FO4 V8F-48n2-A VSZ .100+

4 1 4 . - -. If2- m .5E0 P=7bS*



Iqbre 1.116E-04 IC: 1.894E-0l4 VgFz 4.9?bF-ll VoCz 0.000F+
4q.;A'i;9pf,2 Groi7m p4n --- V - P1-;' ,

4&96 RO: 3.580F+05 CPIz 2.091E-12 CMUz 9.754E-t3 BETAACZ 2.057E+-
499 FTx 2.8?bE.OA

501 NAME: 070 MODEL: R~ftLC
502-= fl6 -CC 84-4 V89F-.7503T~~F~o IC: F.~Fn -B~ a.9F 1 VBC: 0.oooe;'
504 VCEz 4.9PbFE-11 RETAOC= 1.661.Fln2 Gms 5.375E-03 QPTZ 3.827E~f
505 AD: 3.S~oE+OS CPT= 2.051E-12 CmiJ:= 9.754E-13 BETAACz 2.057E+(
S906IJ F f 0Z-Ar -8-

507
50B NAME: 071 MOflEL: RNILC
509
510 10= 4.230E-07 IC= 6.374F-05 VRF: 4L.595F-0~1 VRCz 0.OOOE.(
sit VCE: 4.55SE-01 BETAOC= 1.5fl7E.Oa Gm: 1.851E-03 API: 1.015E*"
12g Rn: 19130E+06b CPfz 1.4&2t-12 CMII: 5.379E-13 BETAAC: 1.878E+(
513 FTz 1.265E+08
514
515 NAMAE: 972 MODELS RPILC
516
517 18=-5.574E-07 Icz-7.61AOE-05 VBEZ-4.742E-01 VAC: 0.000E~f

515 vCEE-4.7a-ol UtTAOCZ 1.378E+'02 Gm- 2.230E-03 P:720?
519 RO: 7,496E+05 CPT= 2.219E-12 CMIii 1.I0OE-12 SF-TAAC: 1.btOEeC
520 PTz 1.069E+08

5.22 NAME: 073 MODEL: RNO
5,4JCZ 6.149EM0 B:0OOeO V~:Ipg~.II~ NMEI=5.8q400Ff MOVtI:;51El 0MI .000MOI V:TAA-1.2baE;-

525 VCEz 1.2$,9E'§1 BETADC:-1.OGIE+no GM:t-1.3l2E-fl9 RPI: 6.763E+C

540 RO: 4.98E+08 Cprz 4.S02E-13 CMU11 2.397E-13 BETAAC:-8.Q8OE-C

549
550 NAME: 074 MOIDEL: API
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55 1

553 VCE:-.044GE+flO ATA0C:-j.O3bE+A GfMz-:-.QOF-l0 QPE: i.84G2E+(
5154 ROZ 4.210E+04~ CPT= 9.5flOE.13 CMII: 4.343E-13 RETAAC:-7.701E-C
555 - FT=- I 8A8E.(0r- -

556
557 NAME: 0~78 MODEL: QPO

559 ZR: 3.414F--08 IC:-3.537F-l8 VBE: 0.000E+00O VBCZ 1.OoqE+C
560 VCE=-1.aqE.fl RFTA0C=-I.O3hFOQ__ GM=.7.9AOE-tl RPTz 9.bA6E.c

562 FTa-1.544E01

56-4 -VCT-- 17 q MOPEL: RNI
565
566 IR:-8.665E-08 IC= 8.97SE-08 VBF= O.OOOeF+00 VBC=-9.321E-0

568 R0: 2.976E+08 CPT= 8.200E-13 CMIJ: S.850E-13 BETAAC=-6.457E-0
569 FTZ-2.l55E-+01

571 NAMEI 980 MODEL: RNI

'57 3-----T -9. 65E - IC= 8.975P-08 VBE= 6.00l0E+n0 V ATF:-9.321-ff-
574 vCEz 9.3215-01 BETAOC:-1.036E400 Gm=-1.903F-10 RPT= 3.393E'O
575 00: 2.976E+08 CPT= 8.200E-13 Cmlf= 5.850E-t3 BETAAC=-6.457E-0
576 WTZ-9.1559Eb1-
577
578 NAME: 981 MODEL: RNI

5a0 Is:-8.66SE-O8 IC= 8.975E-08 VBF: O.O0QF+00 V8C=-9.321E-0
5et VCEz 9.321E-01 8ETAOC=-1.0lF+00~ Gm=-1.903E-1O APIz 3.393E+O

586

589 00: 2&976E+6l8 CPT= 8.200E~-13 CMIJ: 5.850E-13 BETAAC=-6.457E-O
590 FT=-2.ISSE'01

592 NAME! 083 F4ODEL: RPf)
593
594 Idc 5.09 E-07 IC=-5.321E.-07 VBEZ 6.000F+00 V 8C: FI. 36 3r
595 VCEX-1.565E(01 BFTAOC=-1.04EOO Gm=-1.1A9E-0~9 RPI: 9.66IE'r
596 RO: 5.728PF+08 CPT= 5.20Fl.-13 CMljz 1.296E-13 BETAAC:-1.149E.o
S97 FTF2.9ij '&E+(fg
598
509 NAME: W%44 MODEL: RN8C
'600
601 Irp-?7sA0F-07 JC: 7.955E-07 VRFz O.OOOE+flO VSC:-1.033E~n
602 VCE: 1.013E4+00 BFTAnC=-1.03hE+00 Gt:-1.647E-(0q RPT: '4.238F*.O
603 CT7EiWlCP3i. ? t-O ITtHaE EAC:69~ E-0
604 FTM:.934Es.01
605
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606 NAME: 085 MOnEL: RNO

608 IRZ-7.416F-08 rC: 7.bA3F-fl8 VBF: O.0AFlO+00 VBC=-1.SqSE+O(
h0q VCE= 1.0En FAC-.1F0 G.M=.I.619F-10 QPT=_6.786F4OP

b11 FT=-3.2PIE()I
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1 DINS OT0CPPEVAPLTF'E rCPEPArNIG OTS__ (TEkAP~qATliF -55 ')EPFE

3
V 'C I T AG Jp SPL y C P QJT S-

A kA ME C~jqq 7- N! AkAE C!! R T

-. - - - -?- r~j 1~E 3, - ~ 7 O~rTA C~ -- -. -

117
121 NAME: 071 "OOEL: RP

19

19__0_ _ V 3C: = .04CE-I'

22 P 1; tE*' + ). PT= 1.679E-!2 C m; I =2 . I FI F- 3 P T AC -=3S +1

*23 FT= 2.136E-08

25 \A E: 1) MOOFL' RPO

26

V3E2 z :i MOE AL 0 k=2.53 :-1

33
34_____= 3.579E-07 7C ~37u~iF-4n ',BE: 1.OA2F- __

36 ;Oz 1.741JIE'Ob C?! P 1I.066E-1 2 CmlJ: 2.805E-13 E-TA.%C= '.517;.^
37 F T= 2 .141L7;-r+08

39q N A E: * YOOEL Nl1

al -T ~C = ~. 5 5O 'I5F= 1.7n-o 5 '
a2 VCE: 2-220E-00 *3ETOC= 1.1?3EO7-2 Gm= 2.527E-13 ;07= +~,

46 NAmE:'i r

14 E C : sq ~ ' 3~l . O . ~ ' < -

510



56 VCFz 1.808E.'Io_8ETADr: qaA1F4.6 GIA= 5,qqaF-04 APT= 1.299E+(
57 - - O-Z-37I6Ao~ OF , CPT=-T-.)2 FZ-172 Cf14f --67 97 5* 1 38-E fA AC -- .1,9E-,
58 FT= 6.221F*07

60 NA-M 1 j1 MOEtT. -f1

62IB: 2.45qE-47 IC= 2.331F-'5 VBF= 1.049.F+40 VBC=-7.SS1F-(
63 4~.8.WVACi1A I"F -1 6WF879 4iF()i-;a4* PiF: -19 9 E +
64 ROz 3.OA0E.06 CPT= 1.f,22E-12 CMIJz 6.7A7F-13 BETAAC: 1I6lr9E.c
65 FT= 6.221E+07

67 NAME: 08 MODEL: RPfl
68

70 VCE=-l.462F411 BETAOCz 8.602E+01 Gm=: 5.129F-03 9PI: 1.734E*C
71 ROz 5.24AF,05 CPT= 2.440E-t2 CMII: 2.016E-13 BETAACz 8.895E*C
72 FT= 3.040E.,08
73
74 NAME! 09 MODEL: RP1

76 '19=-3.82SE-06 IC=-2.72aE:-04 VBE=-1.123E.60 VBC= 1.07qE40
7.7 VCE:-2.202F.00 BETAOC= 7.116Ee01 GMz I.O4SE-l2 RPI: 7.OO2E'O
7 U= Zell1t*0 CRLZ 5,489tt-12 CMUZ 6.135t-13 8 ET A AC .2

79 Fl: 2.1717E.08

81 NAAMt giu MOULL: P

82
83 18=-7.733E-07 IC=.6.080e-05 VBE=-1.079E+flO VBCz 1.2G3E.O
54 vi-ij,1oi TA0C= 1.8hl+Ol M~4 2.345E-4l3 RP~I 3.b14ETO
a5 RO: I.137E+06, CPT= 2.3fl7E-12 CMIJ: 2.961E-13 BETAAC: 8.473E.0

abFT- 1:433E+08 ROVE~116*O VC186*

ql VCE: 1.919E+0 EACZ163+0 m laSl2 QI=168+
92 QOz 3.246E+0l5 CP=2.113F-12 CI=2bS-3BTA=173+
93 FT= 6,q995E-MO
94
95 NAME: 012 MOnEL: RNO

9T 15: 3.4$R6E-07 IC= 4.6n0E-0S VBE= 1.081E~r)o VBC=-1.IS9EO
96 VCEz 1.267E+01 RETAOC= 1.3POE*n2 GM: 1.?73E-n3 RPT= 8.'L75E.+)

9RU= 1.9E0 CPI= 1.058E-12~ C 2.894WE-13 ETAAC= 1.502ET0
too FT: 2.093E+08

10214.7 13 IJDEL: RNI

103
104 IA: 4.217F-4l7 IC: 4.4170E-05 VBE: 1.066Fino VBC:-8.2Q4-n

100, qOZ 1.b&Fl7EA' CPI: 1.757F-12 CMII: b.724F-13 BETAACZ 1:24qE.O
107 Fl: 1.129E*08
IOA-
I ()q AME: (314 MOrwL: PN1

105 -



iilr: 2.124E-Oh IC: 2.744E.-04 VjjF= 1.114Eef00 VBC=-t.OtS9E.-
112 -VCE:' 2.143E~dol BFTAOIC :T.P -T- GMZ 1 05 3F- 0 AI= I.317F-'

113 ROZ 2.btbF~fl5 CPT= 3.1l2F-12 CMUJ b.5QOE-13 BETAAC: 1.3A7E.,
114 FTC 4.457F+08______ _____________ ____

11 NAME: 015 MODEL: RPI)
117

119 VCE=-1.353,Fl1 RFTAOC: 8.SA9E+Al GM= 9.030E-03 RP1z 9.707E+1
120 RO: 2.918E+05 CPT= 3.b98E-l2 CmJ: 2.077E-t3 BETAAC= 8.76~5E'q
121 - FT'f3-.AOF";O8 -

122
123 NAME: 016 MODEL: RN1LC
[2 4
125 IB: 1.829F-06 IC= 2.30l2E-04 VBE: 1.110E+00O V8C: 0.0fl0E+(
126 VCE: 1.110E+40 9ETAOC= 1.259E+02 GM= 8.841E-03 RPI:_j.53E.'
12 CAMI " - P=294-2 cmiF8. i56E -1 Ti~~c 13-6- 6E-
128 FTC 3.824E+08
129 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r3r NAME: 017 M ffEL: R-PlLC
131
132 IS=-3.295F-06 IC=-2.287E-04 VBE=-l.119E~oo V8Cz o.OOOE+(

13 cEZ-I.I11-+-0 BETADC= b.9h!F..O1 Gm= 8.'7ASE-f3 RPIZ 8.18PE.
134 RO: P..474E+flS CPT= '.918E-12 CMII: 9,015E-13 BETAACz 7.188E+(
135 FTC 2.402E+418
136(137 NAME: 018 MODEL: RNI
138

93 152 4.5h2E-07 ic: 51695F-os VSE: I.oh9E+Adl VBC:-1.243E+i
140 VCE= 1.350E+01 BETAOC: 1.248F+02 GM= 2.196E-03 RP.I: 6.661E+(

141 ROZ-1.465E+Ob CPT= 1.783E-12 CMtj= 4.234E-13 8ETAAC: 1.463E+(
142 Fr: 1.584E+09
143
144 NAME: 019 MODEL: QNt

1.46 IS= 1.644F-06 IC: 2.384E-04 VBE= 1.107E+00O VBC:-1.155E,4
147 VCEz 1.266E+01_SETAOC= 1.490E.n2 GM: 9. 163E-0l3 RP!:- 1.720E+1
146 -R0 -3 - 93 F70 CI 27 16 9--1 -CMu: z .302E-;1- ETAACZ 1.576E+(
149 FTC 4'0635Ei.08

[51I F-W tie MOEL: RNXLC
152
153 18=_1.897E-06 IC= 2.381E-n4 VBF: 1.110E.00 VsC=_0.000P.'

+~Y E 1i001 WETAOC= .6E0 m 14 i 17iEh5En3 -0P-f -- 1. 0q 0E +
155 RO= 2.972EFlAS CPT= 2.911F-12 CMII: 8.162E-13 BETAAC: 1.362E+(
156 FTC_3.qo5E.08

1597_ ___-__ _ _

158 NAME: 021 MODEL: RNa

16 08F:0 b I=5. 0 vs~ I.9E+flO 9Ci-1.lf
161 VCF: 1.4QhE*01 BETAflC: 1.410F+02 Gm= 2.063E-02 QPT: 7.64L3F.(
162 ___RO: I.SA2F,05 CPT= 5.515F-12 CMII: 1.191E-12 BETAAC= 1.577E+(
163 - FTE-33A3E fl8--___
164
165 NAME! 022 MODEL: RP4
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166 _ _ _ _ _ _ _ _

168 VCE:-1.496E+01 SETADCz 8,F.3E+0 Gm= 2.060OE-02 OPT= 'I.293E.
169q RO: 1.314E+(15 CPT= 1.24i3E-11 CmU: 8.3P4F-t3 BETAAC: 8.843E+
170 -.7 2 E-- 4
171
172 NAME: 023 MODEL: RNILC
173-

j418: 5.91iRE-07 Icz 6.555FE-05 VSE= 1.077E4.00 VRCz 0.OOOF."
175 VCEZ 1.07+40 SETAflC= 1.1O8.F#02 GM:z 2.5?7E-03 RPI: 5,044E+-
1 6 poz 1.OAjE+flb CPI= 1.887E-12 CMIIZ 8.043F--13 BETAAC: 1.275E+,
177 FT: 1,444E+08
178
119 NAME: 024 MODEL: RNILC
ISO
181 IS= S.qlbE-07 IC= 6.594F.-05 VBE: 1.077E+I0 VRC: 0.0,101F+4
182 VCEz 1.077E+00 SETAOCZ 1.108E+02 GtM: 2.52bE-03 RPI= S.046E+;
16G3 AD: 1.083E+06 CPIz I.8A7F-12 CfAU: 8.043E-13 SETAAC: 1.27aE.'
184 FTx 1.4iq4E6iR
185
186 NAME'? 025 MODEL: RN1LC

lea IS= 4.924F-47 IC= 5.298E-05 Vat= 1.071F+flO VOCE 0.0fOnE-+
189 VCEz 1.OllEeOO BETADC= 1.076E.02 Gm= 2.043E-03 QPI= 6.138E+(

*190 AD: 1.339E'+06 CPI= 1.611E-12 CMllz 8.034E-13 SETAAC: 1.254E+(
191 FTZ 1.2a44r+-"
192
293 NAME: Q26 MODEL: RPILC
195 Ift-S.12PF-l7 IC=-5.263F-05 VBE:-1.OAOE+00 V8C= 0.OOOE.(
196 VCE:-1.OROE+00 BETADCz b.47hE+0l G4= 2.02qE-13 QPT:_3.433F..(

1%1 R= 1.018t+06 CIZ Z.347E-12 CM1.1= '.68'qtTT3 E TT A It-= -
198 FT: 1.004E+08
199
200 NAME; 427 MOUOL: RNIL
201
202 18: I'StOE-i6 ICX 2.276E-04 VSE: l.Ifi9E.(n VBC: 0.OOOE+r

93 V~tz I.IU09J . M dTAUC-: IT.7"o2 GM:- .iaW3 Rp.l= 1,596E77
204 AD: 3.II0E+05 CPIZ 2.849E-12 CMII: 8.154E-13 BETAAC: 1.360E+(
205 FT: 3.7q8Eefl8

207 NAME: 028 MODEL: RNILC
208

7,4ia 11810k"6 JCZ 2.279F~-04 varz 1.1l91+oo ME 0.00E+
210 VCE: 1.109E+00 SET&OC= 1.5E0 GM'4 8.744E-0l3 QPI: 1.s56F+(
211 RD: 3.Ii0E'05 CPT= 2.849E-12 CMUZ 8.154E-13 BEAA( .360
212 ------ T3.37q8E08
213
214 NAME: 029 MODEL: RNILC

216 IS= 1.81OE-06 ICm 2.276E-04 VSF= 1.lfl9E,11 Vnc= 0.OOOF+?
217 VCEm 1I109EF+40 SFTAOC= 1.258'Fl2 GU2' 8.744aE03 RPT: 1.556E..e

219 PT: 3 ,748F+04
220
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221 NAME: alO0 MODEL: RN0
222-
223 IR=-1.145E-', ICz 1.149F-16 VBF= 0.000E+00 V8C=-1.047E4(n
224 VCF= 1.047F+41_BFTAOC=-.nOFloe.0 __ Gm:-7.aRIE-22 RPI: 7.138E.1
225 -- 0:6.9-3oF.2O CPI--hi4-500E-13 Cj2.9SbE-13 BETAAC= .-5.340E-4
226 FT:-1.597E-1O

228 NAME F0 31 MdDEL: RNO
229
230 11: a.245E-l7 IC= S.985E-lS VBE: 1.OA7EnoO VOC=-l.a97E.0
231 VCE-: 1.f6,FEACT.lEO MT. 6E 01 Q PTb.7Ed
232 QO: 1.'a35E*fl6 CPT= 1.118F-12 CMu:= 2:754E-13 BETAAC= 1.S86E.'1
233 FT= 2.634E+08
I-34

235 NAME: G32 MOOEL: QN0
236

2718= 4.246E-D7 IC= 5.985F-05' VHiF= I.OA7E+00 VgCi-1l.4Q7E4O
238 VCE: 1.606E+01 BFTAOC= 1.410E~fl2 GM= 2.306E-0l3 QPT: 6.879E.t
239 RO: 1.435E+06 CPT= 1.118E-12 CMI): 2.794E-13 BETAAC= 1.596E.fl
240 PT: 2.b!3aE-08
241
242 NAME: 033 MODEL: RNO
943-
244 18= 4.443F-07 IC= 6.110E-05 VBE: i.089F+40O VSC=-1.240E.O
245 VCE: 1.349F,.01 BETAOC= 1.375E.02 Gm= 2.354E-03 QPI: 6.557E.0
246 RO= 1.363E.06  CPT= 1.133E-12 CMIJ: 2.860P-13 BETAAC= 1.Sa3E+0
247 FT= 2.63qE.08j 249 NAME: 03 RM-:EL: N: B:l09.0 H:120

250

258 B 48~.443E-07 IC= 6.110E-05 VBE= 1.09+0 VC= 1.247E+f
129 VCEi -1.47e01 SETAOC=-1.OOO7-5E*.O0 Gm= 2.354E-03 RPI= 6.020E.1
250 ROz 1.363F'21 CPT= 1.133E-12 CmII: 2.860E-13 BETAAC:-7.543E+c
264 FT 2. 5qE+0
252
256 NAME: 935 MODEL: RPO

256 VCE=-1.497E(IO BETAncz-l.oE~~.(o__ GM=-1.534E?23 PI= 1.020E+l
260 7 10~.08E+21 CPT= 5.200E-13 CNIf:509a3F13 BEfAAC=-7.821E-0
268 FT-1. S26E.I1

271

265 19= 2.230E-17 IC=-t.23OF-17 VBE= O.00O0F0lt VBC= 1.4&57F+C
273 VCF=-1.4a57F.(no BETAOCx:.0n0F.(0O GMZ-1.56qF.;3 QpI: S.n~OE.1
267 RO0 is. 0 1 E 2 6- C P 1 =-5() 0 E - 1 -C 1.j1 53-.S 0F- f3 8 E iAAC:7 .8 21 E
275 FT=-1.b~bE-11
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278
279 IBC-3.167pF-t7 IC: 3.167E-17 VBF: 0.OA~OF.I) V~t:-1.'a8F*O
286 --V CE - rfi-t 8 E* fl OBETA~ C=T7'- ()n G.T q E) -- P r 56 13 q I+
281 RO: a,2hAEi?0 CPT= 8.2noE-13 CMII: 6.227E-13 8ETAACs-7.3A4F-0
282 FT:-2.242E-11
263~ . -
284 NAME: 039 MODEL: RNt

S6 ~ Is=--- 167E~- 17 It 5.167F-17 78f- RtiT7+FF'F-l4 a48 E~(
287 VCE= 1.448E+00O BETAOC=-I.0flOE0oo Gm=-2.069E-22 QPI: 3.569E.A
288 ROZ 4.268E*.20 CPT= 8.210OE-13 CMIJ: 6.2P7E-13 SETAAC=-7.3A4E-0

291 NAME: 040) MODEL: PN1

2q3 IIg-3.167E=17 IC: 3.167F-17 V83Em 0.OOOF.00 VBCZ-1.448E*O
294 VCE: 1.4agE.lO RETAi)C=-I,00nE,~nO GM=-2.0h9E-?2 RPI: 3.569E.1

2q8 'FT=-2.2A2E-11
297
-28NAME: 041 MODEL: R11

2q9
300 IB:-3.lh7E-17 IC= 3.167E-17 V8BE: 0.00~0E+.00 VBC=-1.448E.f
301 VCtz 1.448E'.00 dtETAOC=-1.00OE+00 GM:-2.069Ih-P2 RPI: 3.56§E;T
302 RO= 4,268F+20 CPT= 8.200E-13 CMI]: 6,227E-13 SETAACz-7.384F-0

33FT:-:.282E-l1Mt L t ,OQO ~:145+

31
312 NAME: 042 MODEL: RN4
306
314 IB:-1.189E-lb IC: l.950E-16 VBE: 0.0O0Io4.0 VSC:-2.49E-.e.T
315 VCE: 2.4qSE+(01 SETAOC:-1.OOFEOO0 GM=-7.8h4E-2y1 RPI: 1.020F.1

317 -FTC-1.753E-10
311
32 AM: 943 MODEL RN
310
314 18:-3.67E-t& IC: 1.950E-16 VSEZ 0.000E.0o VBC:-2.228Ee+A
315 VCE 3;399E*00 BETADCZ-1 OE+00 GM:-12740E-P2-I OPT 87 I33E.
3236 RUO: ,f~t 8. uE~ CPI: 3.500t3 CMU= 3.665E.12314 =EAC-1.713bE-6
317 FT:-4.177E-11

3250

326 NAME: 045 MODEL: ONO
327 ______ _

329 VCE: 1.448F+00 8EAC-.mFm Gmm-1.014E.22 qP=718~
330 ROM R.53hF+PO CPIz 4.5noFl-t3 C'411= 4.2fl3E-13_BETAAC-7.384F-o
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331 FTZ-1.RqPF-11__ _______

333 NAME: 046 MODEL: ONO
334

336 VCE: l.448.Oo BETA0C:-jq0OOE+00 GM=..1.034E-22 OPT= 7.138E.1
337 Rnxl 8.536E.eO CPT=_'4.540OE-1.3 CMIJ: 4,203E-13 BETAACz-7.3A4E-(
338 -FTz-1.892E-ti ____

339
340 NAME: 047 MODEL: RPO___________

341
342 ISz.2.11OE-l6 ICz-z.779E-434 VSF:-1.129E+flO VBCm 1.153E4C
343 VCEz-1.26eE+f1 SETAflC: 8.434E.ol GM: b,827E-43 RP1: 1.268Edc

~ cT i~7 t~I: 2.23EfAA: 8659F.+c
345 FT= 3.354E+08
346
347 NAME: 948 MODEL: RPO
348
349 IRA=2.tlOF-0b ICa-1.780P2-04 VSF-l.lpE.EO VRCz 2.152E+0
3SO VCt-1.264 . F-0ISTADCZ '19+01 G M t: 6. 8 24E P I z 1 -; 6E +
351 RO: 3.8AoE'O5 CPT= 3.02AE-12 CMIIz 2.123E-13 BETAACz 8.657E+O
352 Fr: 3.354E+08( 354 NAME: 049 MODEL: ONOo
355 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3156 192: 3.695E-07 IC: 4.910E-0l5 VBee l.081r+lo voc=-1.152*
3S7 VCEz 1.26oF+41 SETADCz 1.329E+02 GM: 1.8q2E-03 RPI: 7.968E+O
358 RO: 1.679E+06 CPT= 1.075E-12 CMU: 2.902E-13 BETAACZ 1.508E.O
359 FT= 2.206E+08
360
361. NAME: 050 MODEL: RNI

363 Is= l.4R1E-0 ICx 1.776E-04 VBE= 1.102E+00 VRC:-1.071E+O

'368 NAMAW 51 mODEL: RNl
369
370 IS= 1.42IF-46 IC= 1.77bF-04 VSE: 1.102E+00O VBC:-1.OP3E,0

17~ T ~ if ~ ~ C .250F+02~ Gm: 6. 8-2 9 E -l3 -- Pt- . E +T-o
372 RO: 4.047E+05 CPT= 2.539E-12 CMUZ 6,544E-13 SETAAC: 1.367E.O
373 FTz 3.404E.C08

375 NAME! 052 MODEL: RNI
376__________________ _

3 7 7 -- TKR: 2. 45-'F!7 ICz 2.331E-45S V IFBC .0CIf 875 a.444E - O
378 VCEZ 1.8Q4Eofl0 SETADCZ 9.490Ei.01 G'J: 8o9Q3E-Oa RPlz 1.301E40
379 ___RO: 3.094E+06 CPT= 1.622E-12 CmII: 6,701E-t3 SET&AC= 1.170F..6

381
3A2 _NAME: 053 MODEL: QN1
383
384 l~: 2.456E-07 IC= 2,31IF-l5 VOP: 1.aaqF+0o VOCC-8*444E-0
385 VCE: 1.604E+40O BET&OC: 9.490E..01 G'A: 8.993E-04' QPI: 1.301E+O,
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386 NOz 3,OR4F*fl6 CPT= 1.6PPE-12 CMII: 6.701E-13 t3ETAACM 1.170E+(
3587 - -FTi674 4F 'O7
388
389 NAME: 054 MODEL: RPO
390
3q1  18z-4.lq3F-46 IC:-3.6AI'F-0l4 VIE=-1,I44EeO0 V8Cm 1.204E~f
392 VCE=-1.318,Fl1 RFTAOCz 8.SAqE+Al Gm= 1.373E-02 NP!: 6.320E*C
343 - 00F- - 0- Z5.T -g CW A. -E'-- 13 -- 9TIAXC i-8 . 77 E +C
394 FT= 4.016E+08

3-fb--luwE.d SMODEL: RPI
397
39a 18=-4.416E-06 ICZ-3.154E-l4 VS~z-1.127E.O0 VOC: I.OMSE+(

39V1E~TE~.i)gETAfOC= 7.j42E4.OT -9MiTQW7F mA-mi: WF .dE -'
400 NO: 1.823E.05 CPT= 6.10l8E-12 CMIJ= 6.160E-1.3 BETAACZ 7.322E+(
401 FT= 2.863E+083

403 NAME: 956 MODEL: RPI
404
405 183-1.059-06 IC=-8.4q0E-0S VsFz-1*O55E+0O VOCZ 1.226E;-(
406 VCE=-1.314E+01 RETADC= 8.0R0E.O1 GM= 3.273E-03 NP!: 2.6IPE+C
407 NOZ 8.1p-0F,05 CPT= 2.600E-12 CMkJ: 2.976E-13 8ETAAC:- 8.54.7E+C
4014 FTZ 1.74FEVU8( 409
410 NAME: 057 MODEL: NNO
411-

alp 18: 1.916E-06 ICz 3.16SE-'4 VBE= 1.130E+00 VBC=-1.789E+(

417 NAME: 958 MODEL: RNO
415
419 18= 3.SP&E-l7 IC= 4.657E-05 VBEZ 1.OAPE+O0 VBC%-1.153E.(
ado V~tZ 1.261tI~u1 dETADC: 1.321E+02 GM: 1.9~f3 RPIM 8.3laE.(?
421 RO: 1.770E+06 CPT= 1.062E-12 CmII: 2.902E-13 BETAAC: 1.503E+(
422 FTz 2.1l3E..OA

424 NAME: 059 MODEL: RNI
425

42615 4.235E-07 IC= 4.493t-05 VsF: 1.066E+00 V 8C:-.3E
427 VCE: 1.9OO00 BETAOC: 1.061F+02 GMz 1.732E-0l3 RPIX 7.214F+(
425 QO: 1.598F+06 CPT= 1.758E-12 CMIJ= b.72OE-13 BETAACX 1.250E.1

430
431 NAME~: 460 MOnEL: PN1
-43 -"-
433 18= 2.438E-06 IC= 3.179F-04 VBF= 1.tI8E+0Q VBC=-l.O7E,
434 VCE: 2.lqOE+flO 4ETAncz 1.304E+02P G~m: 1.alqE-2 RP!: 1.142E+,
435 - O: 2.257F+05 '-CPIi-53S4E-12 -CMU:6b.6fl4 --38ET'&ACi-'1.3pE
436 FTZ 4*832E+08
437

43-NAME ill I W) n CCF-l3
439
440 I5:-3.3hq-46' ICz-2.q9SE-l4 VR~zwI.1IRE.6O VOCZ 1.2P23.



4341 VCF=-1.317F+fl1 PSFTAI)C= A.9953E+(Ij G'= l.In7PE-02 QPT: 7.88AE+fl
442 QOz 2.361F+41 CPT:55.3c7F-1T- C1411: 2.ORA8E-t 3 OFT AA C= 8. 7219E+0
443 FT: 3.857E+08
444 ____

445 NAME raOEjwJ C

446
447 10= 2.202E-06 IC:_2.811EF-A4 VBE= 1.IISF.OO VRC=_O.OOOE.O
448VcE:1.IISE15FaOOBETAnc-- 1.-277E+?)2 -d:- iTT79f-f2- PI: 1.269E*'O

449 RO: 2:517F-+05 CPI: 3.164E.-12 CMII: 8.lq3E-13 BETAACz 1.36,9E+01
450 FT: 4.310Eif08

452 NAME! '463 MODEL: RP1LC
453 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

44 i---3.-93 4 E 'd ( IC=-2.749P-4 VBF-.p4E.no VRC= 0.O00c;-6
455 VCE=.1.124F+MaO BETAOC= 7.onaE.o1. Gm= 1.072E-02 RPI: 6.713E.+)
456 QO= 2.0?4P.'n5 CPr: 5.659E-12 CMIj: 9.1IqE-t3 8FTAACz 7.1q5E.()
ii5S FT= 2.59E+0
458
45q NAME: 964 mOnEL: QN1
460
461 41R= 5.03qF-l7 IC= 6.390E-4~5 VBEz 1.O72E~i.6 VBC=-1.237F.D
462 VCEz 1.344E+01 RFTADCz 1.264E+02 Gi:= 2.4A4E-03 APIz_5.9A9E4O
463 PO= 1.304F+06 CPlz 1.820E-12 CMIJ= 4,238F-13 BETAAC: 1,476E.0

464 FT: 1.748E+08
4665 AE 6 MPL N
467 NAME:__________________ 065 MODEL: RN

* I 46875 ,~~O C .~~O ~:112.O VC-.4E~
468EJB l.26OETOVWETACz 2.q472E.Oa GM:= 1.112E-oo VBC1.4E+O

470 RO= 2.800E+05 CPIz 2.997E-l2 CMUZ 4.30l9E-13 BETAAC= 1.586E+O
471 FT= 5.234F+08

473 NAME: 066 MOOEL: RNILC

47 I: ,91-f6 IC:- 2.933F-0l4 VBE= 1.116E+00 VRC: O.OOOE.O
476 VCE: 1.116E+00 BETAr)cz 1.280F+02 Gm= 1.125E-02 QPTz 1.218E.'n
477 RO:z 2.412E+05S CPT= 3.236F.-12 CMtJ: 8,202E-13 BETAAC: 1.371E+O

479
480 NAME! 067 MODEL: RNAC

482 18z 6.1q7E-fl6 IC= 8.SIQE-04 VBE= 1.085E+00 VRC=-1.345E+O
483 VCEz 1.443F+flI AETAOC: 1.375F+02 Gm: 3.283E-02 RPI= 4.738E~fl

485 FT= 2.980E*08
486 _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

487- 1.AME: -0-h MOnEL.-PPR8C
488
489 rs:-1.oP2-l5 ICZ-8.479F-la v8F:-1.oQ3Eno VI5CZ 1.3'A4E.~
490 -' VCE -- ;I.a43. 1 RFTAflC:-- .3lOE, +n -G%-:'3,2f38E'()- RP T b.6I F-O
491 RO: 8.115EOa CPT= 2*,flqF-l1 CMLI: 1.332E-12 BFTAAC: 8.793E+O
492 FT: 2.220F.' ____ __

494 NAME: nbq MODEL: RN1LC
495
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49b IR: 1.440F-06 IC= t.?7hF-' VHF= 1.lfl3EFl+O var: 0.oo0WFl
IqW7/--CEE-hi . tha3E0 G 68?IRF03QRPiT974E.O (
(198 Ro= 3.9A8EFl*5 CPT= 2.55aE-12 CMIIZ 8:119F-13 BETAAC: 1.3418E+0

501 NAME: G70 MODEL: PNILC
502 ____

504 VCEx 1.1fl3Et60 BFTADC= I.-233F'02 Gm: b.828E-03 RPTz 1.974Ee.O
505 ROZ 3.9A8Ei.05 CPIz 2.554E-12 CM(I= 8.1t9F.-13 8JTAACZ 1.348E40
5b F T: F -

508 NAME: r971 MODEL: ON1LC

510 18Z S.520E"07 IC= 6.050E-OS VBE: 1.075E+00 VBC= O.OflOE+0
si1 VCE: 1.075F+00 BETAOC= 1.096E+62 G'4z 2.332E-l3 QPI: 5.433EF.0
512 Rfl: 1.173~t~06 CPIZ 1.857E-12 CMII: 8.039E-13 BETAAC= 1.267E+75
513 FT: l.3qSE+08
S14
1 NAME: 97 MOpOM gpILC

517 18=-1.102E-06 ICz-7.218E-l VBF:-1.og9F.o0 VBCZ 0.OO0e+0

519 ROz 7.782E.05 CPI= 2.ba4E-t2 CMII: d.724E-13 BETAAC: 7.O38E+O

522 NAME: P73 M.7E ODEL ONO
52237

13 1O:-1 15Ot.-16 =z- 1.138t-V6 VdF-= II.UfQL+()0 VBCZ-1.041~+
525 VCE=-:041F#01 8ETA0C=-1.000F+00 G'4=-7.43aE-22 RPI: 7.138E+1
526 R0: b.q40E+PO CPIZ 4.500E-13 CMI 2.960E-13 BETAACZ-5.307E-0

5287

529 NAME: 074 mOOEL: RN1

531 18:-3.2q0E-Ib IC= 3.270E-16 V5Ez-7.107E-44 VgCz-1.4q5E'-
532 VCE: 1.495Fi RFTA0C=-9.q4jE-01 Gm="2.136E-?l RPT= 3.569E+1

53.5 ~ Ruz 5.ht2 ce* 814L1 C Rrpr-rwErF--77 EZ-Y3-gET[ A C ---7-.6 231E-C
534 FT=-2.770E-10
535

537
538 IR= 2.275F-16 rC:-2.289F-16 V8Ez-7.107E-44 VBC= 1.4QSE+C
1539- F 5F-RVTA Pr: TT = -M:.t75: 9EE-VPT:5
540 RO: 4.2?hE*20 CPT= 9.502E-13 C,4U= 2.7qoE-13 8ETAAC:-7.b3qF-r
541 FTz-1.9A7E-10 ______

542 - - -- - _ _ _ _ _ _ _

543 NAME: 076, monEL: RPO
544
15415 -- ; =-I .232 F-17 - 'ICz T-.2;3E-17- 'BE'0nflE+76f vBC: T. 6I1OE+e
546 VCE:-.l.1,0E.4O ATAnCZ-1.0fl0E.00 Gm:-8.475E-?3 OPT= 1.020E*:
547 RO:m 1.20PE4K'1 CPT= 5.200E-13 CM,,: 3.7a9F-13 ,BFTAAC:z-8.b43E-(
5 A A - F 5 A 7 F;I I
549
550 NAME: (377 AonEL: OPI
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552-- Tz r92-45F t7 VBE.Z_0STF v .oo oF+noefE0OI OEfl
553 VCE:-1.,hl0.Fl0 RETAflCz-1.flnF+00 Gmz-l.h95E-P2 Ill: S.OQ9E.1
554 RD= h.1FP CPT= 9.500E-13 CmIJ2 5.374F-13 BETAAC:-8.643E-0
555 -_ FTz:.l.814E-;l1 .___

556
55 NAME: 078 MODEL: RPO

559 IS= 1.232F-17 IC=-1.213F-17 VB~Er 0.O4OE+00 VSC= l.610E.6
560 VCE:-1.61OE+00 BETAOC:-l.OflOEioo __ GMz-8.475E-?3 RPt: 1.020E*1
561 - RO j-202+2.-CPI~i-Oo2E-i3 -~ c :3.7i4Ej3_S TiC-;8. 43E-
562 FT=-1.507E-11
563

3~ii~rrr~gMODEL: PNI
565
566 I9:-3.28lF-17 IC: 3.2qIE-17 VBE= Q.OflOE.00 VBCz-1.5l5E.

568 RD: 4,26aE+;?0 CPIz 8.200E-1.3 CmII: b.191E.13 SETAACz-7.b74E-0
569 FTZ-2.378E-11
's7r-0
571 NAMdE: 080 MODEL: RIi

'57231 I=3 .a47T I ICZ 3.T4TR_-7 YS~z O~o.OOOE0 vaC STt -6,5 o3T

574 VCEx 1.50SE.0O 8ErADCZ-1.ofloEOO GM:=-2.I50E-?2 QPIz 3.569E.I
575 10: 4.262E+20 CPT= 8.200E-13 CmIJ= 6.1qlE-13 BETAAC=-7.674E-0
S76T F' _=T.3'8_E- f C _
577
578 NAME: Q81 MODEL: INI

5a0 18=-3.291E-17 ICm 3.291E-17 veEz 0.OOOE..00 VBC=-1.505E.O

58al VCE= 1.SOSFl0 BETAO)CZ-1.OOE.fl GMz-2.l0E.2 - PT= 3.569E~i

~566

r587 1B: t.294E-t7 rc= 3.2Q4E-17 VBE: O.OlOF..o0 VRC= l.S26EC
se5 VCE:-l.SOSE.O1 SET AOCZ:-1.00E +OO ' _Gm:-2. I SE-22 QPT: 3.O69E~t
589 R0: 4.262E'P0 CP!: 8.200oE-13 CmIJz 1.8q5E-13 BETAAC=-7.67E-0
597 FT=F23E-lb-______

-598
592 NAME:- 0843 MODEL: RNSC

T901 18z 1.244-16 IC= 3.244E-16 VBE= O.OOOiFlnO VRCZ 1.29Ei
602 VCE= 2.239FEflO SETA0Cz-l.ooo0.EO___ GtM:-8.5q7F-22 QPT: G.'aA2Ei
s63 R02 8,214E.19 CPI= 5240E-13 CMII: 2.S64E-13 BETAACM-8.42E.C

S60 NME 08:G4 MOEL:PN

605
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606 NAME: OAS mofEL: RNO

608 18:-3.7GOF-17 ICZ 3.74OF-17 VSF: O.OOOE.oo VRC=-3.420E40
609 VCFz 3.4POE'flO SETAOCZ-l.00OEflo__ Gmz-2.443E-?2 OPT= 7.138E.1
6 1-0 - Oai IR E +2 0 CP!: 4.500E-13 CMIJ: .5E1 Z AACiT~E

bit FT:-4.769F-t1

U5



I PfST-QAnIAT!ON (OINS PM.OTOPPAMPLIFIEW OPEMAT1IMG PflINTS

3 (TEMPERATIIPE 25 OFGPEst'CT --

4
S---VOLTAGE SUPPLY CUPRENTS ---

7 NAME CIIRRNT NAm.E CIJPRNT
8 VPOS -3.1b E-03 VNP2G 3,967E-03 TOTAL POWER 101 MW (fiNE CHANNEL
9
10
11 -----_ZENF9 DODOE

13 NAME: DZI MODEL: DZR

*I-S lD:.2.5hA9E--fl4 Vb:-6.202t.00 REG= I.OflOE,'12 C AP V 1.bOS6--i 7
16
17 - -- AJTI -- -
~18
19 NAME: 01 MOnEL: RPO

21 IFN:-8.0O7.-n 1ci-6.015E-os V8Ez-6.b25IF-nl VRCm 1.213E.C
22 VCE=-l.279E~nl BETADCz 9.865E+4~0 Gm= 2.334E-03 RPIM 5.0OIOE0
23 ROM 1.144E+06 CPT= 1.474E-12 CmII: 1.851E-13 BFTAACZ 1.174E.f
-94 FT: 2.3E0
2s
26 NAME: 02 MODEL: RPO

31 ___ 18: 271-0, IC: 5.14,oE-05 VBE: _6,623F-01 V8C-l eq6EF+C
36 VCE:1t.361F4OI RTADC= 9.874E+00 Gm: 2.3E-3 QPTz 5.05E

37 9: 1653e~6 CPT= 9.-47VE-13 CMFIP 2.6,E-1 iEAC= : 2.50E
31 FT= 2,235F8E _ _ _ _ _ __ _ _ _ __08_ _ _ _ __ _ _ _ _

7O 3'NAiMIE: 71 MODEL: RNd

35 18 3.7506 It: 5.160E-nS VBE= 6.3-1 VPCu-1.274E-C
3b VCE:,- 1.36 1 FO 1ETAOC: 1.xA1Ei8O1 -'GM:-2. 0 0 E -()3 -4PTI: 8. 174.E C
44 ROM 1.678F*66 CPT= 9,463F-12 tmj= b.6A4E-13 BETAAt 2.3~02E*C

38 FT= 2.PSF6n

47 NAME: q4 MOD0EL: RN1

43 VCEz 1.38F.no RETADC: l.UAOEF+01 Gm: 2 .2F-n3 QP!: 8.247EC
44 R0: 1.Z778F.A6 CPT= 1.5#13F:-12 CM%41: b.7aE-13 BETAAC= 1.40~

47 NAE -aS - '4ofEL: QANI
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56 IRZ 1*qflPF-flh TC: 2.31IF- VBF: 6.147F-01 __VHC=-2 .87kF--
57 CEF -9.02E-n~ I AET iOC 2 P?)EF GM=:9 9iF-O P:.

58 RO= 3.1?9F+06# cpr= 1.372E-12 CMUZ 7:372E:13 BETAAC= 1.561E*,
59 FT: 6.832E*M7

61 NAME: 07 MOflEL: RN1

-63 - 18-: 1. 90 2E'-'b - = 2 .3 31F- 05 V8F:F -b.1a!F-o1 V C-2.6E
64 VCE: 9.022F-01 RETADC= 1.2?2FEflI Gm= 9.053E-04 QPI: i.724E+t
65 R0: 3.12qF.(n6 CPI= 1,372E-12 CMII: 7.372E-13 BETAAC= 1.Sh61~*

60 - -PTZ 6.832E'067
67
68 NAME: 08 MODEL: RPO
69

71 VCEz-1.47F4.01 9FTAOC= 1.115E+01 Gm= 5.12SE-03 QPT= 2.586E+(
-72 QO= 5.415E+05 Cpl= 2,2q5E-1,2 CmII: 1.774E-13 BETAAC: 1.325E+(
73 FT= 3 .2 q9P.0 8
74
75 NAME: G9 MODEL: RP1
76
77 l6:-2.78SE-05 1CZ-2.647E-n4 VBF:-b.q28E-nl VRC= 6.59SE-(
78 VCEZ-1.392 O BETAfiC= q.'495E.Ob GM= 1.O2aLE-f2 RPT= 1.076E+(
7q RO: 2.198E.05 CPT= 5.164E-12 CMIJ= 7.185E-13 BETAAC: 1.102E+(
s0 FT= 2.771E+08
IT-_

82 NAME: 010 MODEL: RP1
83 _

94 MH-1.O74F-05 Ic:-1.050E-l4 /BE=-6.59SF-01 V8C= 1.i35 ;7
8s VCE=-1.391F+01 BETAOC= q.777E.00 GM= 4.077E-03 RPI= 2.8f,4Ei.C
86 RO= 6.771E+05 CPT= 2.bIaE-12 CMIJ= 2.SAOE-t3 BETAAC= 1.168E+(
tS7 FT---j cE
88
8q NAME: 011 MODEL: RN0
-q-
91 Is= 1.052E-05 IC= 2.75SE-04 VBE= 6.938E-01 B=19S(
92 VCE= 2.065E+*01 BETADCs 2.6IRE*0l GM= 1.063E-02 RP1: 2.871E+(

94 FT= 7 .650E+08.
95
96 NAME: 012 MODEL: RNO
97
98 18= 2.857F-n6 IC: 5.3q9P-05 VSEz 6.506E-01 V8C=-1.217E.f
-49 V C 3 2E + IETADC: 1.00ET1 o57Tp:1lb
100 ROz 1.578E.(Ib CPT= 9.58SE-13 CMII= 2.684E-13 BFTAAC= 2.316E+(
101 FT= 2.718E+08

-102- -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

103 NAME: 013 MODEL: RN1
104

106 VCE: 1.OJ6E+On RET&0C= l.atm7Fi.01 Gm: 1.752E-03 RPT: 1.004F+(
107 nfl: 1.615E+Ab CPI= 1.S1OE-12 CMII: 7.292E-13 AETAA(: 1.7bOE+(
108 - FTi;-f7.-2 .0-8-
i oq
110 NAME: 014 MODEL: RNI
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112g I-1R .449F-05 - -I r-7 -.A15F.064 VfBE: 6.810 E-01 _VBC=:.433E-(
t13 VCF= 1:326F+00 BETAOC: 1.q'13E.0I Gmz 1.089E-02 QPI: 2.112E+(
114 Pft 2.569E.+05 CPI: 2.9O0F?-12 CMII: 8.56~4E-13 BETAAC= 2.2qgE.(
115 PTZ 4.6 13E+1)8--

117 NAME: 015 MODEL: QPO
118
119 18=-1.932E-05 ICz-2.344F-14 VBE:-7.014F-n1 VBC= 1.324E+(
120 VCE=-I.34EvO.0 OFTAOCZ 1o2t3Efll Gm= 9.0~94F-03 RPT= 1.540E+(
121 O:3-014F+65-- CPrI:"3.517E-12__ CMII1=__8.E-13 BETAAC= 1.395E.C
122 PT: 3.896E+fla
123

126 I9= 1.O~aE-fl5 IC: 1.q97F-44 VBE= b.731F-n1 V8Cz O.000E'C
127 'VCE;7,'6."731E-01 BELC1854f1 G:7733F-f3 Q__PT:;2.850E*C
128 RO: 3.601E.'n5 CPI= 2.4P8E-I2 CMII: 9.957E-,3 BETAAC: 2.lq6EC
129 FT= 3.SOSE+08

131 NAME4 017 MODEL: RPILC
132__ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _

B33 IS=-2.10fiE-65 rc=:-qTF-04 V 8 z6 .8 2 6 E :v9- VRC: 0. o 6----c
*134 VCE:-6.826F-0)1 BETAOC= 9.0fl1E.'0 GM: 7.341E-n3 ~P1: 1.436E.f

135 PC= 3.051F.,05 CPI: 'a.110E-12 CMII: 1.Ot3E-l2 BET*AC= 1.054E'(
I lb FTz2.281r+)8_

137
1 38 NAME: 018 MODEL: PNl
13149
I1A0 18= 4.Snfl06 IC= 8.08.4F-05 VBE= 6.433E-01 VBC=-1.32bE+C.
141 VCE= 1.300E.olBETAOC= 1.796E401__ GM:_3.138F-03 9PT= 7.a77E+C

142 P0 = I. 05 9 E 40 6 Cf C -f _ 53tIa CMIJ= 3.9 2E-13 BETAAC: .2P1EC
143 FT= 2.438E+08
144 _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

145 -NAME: f 9 MkODEL: PNI
146
147 18z 1.171E-05 IC=_2.557E-0l4 VSE: 6.756E-41l VBC=-1.283E~f

IC:35EOb+ ~ C W.8E6 M 9 o __fl ~PT= 2.6 1E.C
149 RO: 3.308E+05. CPI= 2.5S5E-12 CMU: 4.0OF-13 8ETAACz 2.6OSE+C
1SO F T= 5:36~8E+08 _____ ___

1 51
152 NAME! 020 MODEL: RNILC
153__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ ___ _

i'54 9 F- . 373E-05 It= 251-04 VBE: E.8010 VOC: 0.bOO(E+*(
155 VCE: 6.84M1F-01 BETAOC= 1.90~3E+01 Gm= 9.831E-0l3 RPT: 2.301Ec
156 RO= 2.625E.AS5 CPI: 2.746E-ta CM11= 1.089E-t2 BETAACz 2.26'3E,.c
157 _ 'FT_'a_.080E.f8 _

159 NAME:? 021 MO(VEL: QN4

161 18: 2.3A4E-05 IC= 4.619E-04 VBF= 6.546F-0)1 V8C:-I.43OE+C
162 VCE= 1.406F+0~1 RETAOC: 1.918F.'n1 Gm= 1.7q2E-n2 PPTz 1.323F.c
163 _0z 1.7a' 5CPT-i..'CmII:1l.120E-12RPITAAC:-'.371E.(
164 FT= 3.444E.+08
I15
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166 NAME: QP2 MODEL: PP4

168 19=-4.913E-4l5 ICZ-4.52OF-44 VgP:-6.617E-01 VBC= 1.410F+A
169 VCE=:.446Fflt 8ETAOC= 1.OfllF+4fl Gmz 1.754E-02 QPT: 6.808E*O

171 FT= 2.462E+08
172 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

173-NAMErrTV-tIrif LrC
174
175 18= 3.MQ7F-ob IC: 5.7W6-05 VBE= 6.385F.-01 VBC: O.Of00eo
fT 7-- CF E XS -T? I BE TP3 EO 3; 1 21 13 E-)
177 RO= 1.266E+06 CPT= 1.586E-12 CMII: 8.371E-13 BETAAC= 1.82bE*0
178 FT: 1.460E.OA

180 NAME: 924 MODEL: RNILC

1 2 15 3.69bE-Ab IC= 5.724E-05j VBE 6.395F-01 VI8C: ol000e40
183 VCEZ b.3ASE-ot IETAOC: 1.4f,9E*fl1 GMz 2.222E-03 OPT= 8.215F+0
1-84 QOz 1.267E.Ob CPT= 1.586E-12 C141.1 8.371E-13 BFTAAC: 1.825F+()
155 FY= 1.460E-.08
186
187 NAME': q25 MODEL: RNILC

189 18: 3.698E-4l6 IC= 5.364E-05 V8Ez 6.368E-01 VRCZ 0.0OcOE.
190 VCF: 6.36ME-01 BFTAOCz 1.451E..01 GM: 2.042E-03 OPT= &.b72F.O

192 FT= 1.382E+08

Ifix A E:MODEL: RPILC
195
196 In=-6.87F-ov, IC=-5.01.OF-05 VB-.4a8-fl1 V3Cz O.0OflOE.
TWVUE6.44OF-01 IFTADC: 7.286E+00 C GJa9 4 9E-3 wpT: 4 .sY1R~

198 ROz 1.198E+06 CPT= 2.099E-12 CMV4'91> BETAAC: 9.805E.0
199 FT: 1.035E+08 ______________

201 NAME: 927 MODEL: RNILC
202

20 19 1.290E-05  JCX 4440E-04 VBE= 6.789E-01 VBC= Q*Q0d0Mt
204 VCE: 6.Vt9F-01 BETADCZ 1.892E+uI Gm= 9441E-03 QP!: 2.385ElO
205 90: 2.829F+05 CPT= 2.b87E-12 CMII: 1.06SE-12 IET&AC= 2.292E+0

207
208 NAME: 028 MODEL: RNILC

210 IR: 1.2Q0E-05 IC: 2.44OF-14 VBF= 6.7gqE-01 VFRc: O.ooE0~r
211 VCE= 6.789E-Al 8ETAOCz 1.802E+0)1 G~m= 9.44lE-03 QP1= 2.3A5E(C

212~8ETAAr,:2.252F+C
213 FT: 4.005E.408

215 NIrQVMI7L N1LC
216
217 IS= 1.200-0 IC= 2.a4nEf-fl4 VSEZ 6.7ft9E-1 VI3C: O.nMFl~r
'218- VE 6-.7 AtF * 0 AE'T AIC-:f l8Q 2 F -O I G M z9._44 1 E ;n3 -RP T E2 .3 85 E +
219 R0: 2.829E#0-3 CPT= 2.bA7E-12 CM1I: 1,06SE-12 9ET&ACz 2.2592E.
220 FT= '.OASF+Am
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221 _ _ _ _ ____

222 NiAME r330-- monEL: QNfl
223
224 _ _ 18-7.3Q4F-11 rc= 7.4'?2E-t1 VBE: 0.000Q~iF0 RCO.28
225 VCE: 1.218Ei01 8ETA0C=-l1.n4E~no G ?A z I. 5()2 F - 1 RP7: 8.237F.1
226 Roz 3.874E*13 CPT= 4.500E-13 Cxli: 2.704F-13 BETAAC:-1.237E-0
227 FT=-3. 318E-03
228
22q NAME: q3t MdODEL: QN0
230 -__ __ __ - 8:j54.
23i 2.800E-0 ICS 'IE5 VF: n4qE-n
232 VCF= 1.5h9E+01 BETAOC: 1.9;!E+01 Gm= 2.096hE-13 QPT= 1.12qE.+A
233 Q0= 1.618F+06 CPT= 9.518E-13 CmlI: 2,599E-13 AFTAAC= 2.3A(3E.0
34 PT:- i-2.75S3 E + 0ta

235
236 NAME: 132 mOOEL: QNt7
2 37--
238 IS= 2.801lE-06 IC: 5.4fl2F-0~5 VBE: 6.49qE-ol VsC=-1.s01LFo
239 VCE: 1.569E+01 BETADC= 1.929Efll GM= 2.097E-03 RPI=_1.129E*0
240 RO 1,617E.(16 PI= 9.519E-13 Cmli: 2.599E-13 BETAAC= 2.3&bE.0
241 FT: 2.754E~oa
242
43 -N A ME: 033 MODEL: RNQ

244
245 IS= 3.22qE-06 IC= 6.2q0E-15 VBE= 6.946F-01 VBC=-1.31?E.0
246 VCE: -1.5 EiflI 6ETAOCZ 1.948E+01 GM= 2*4a0E-03 RPTZ 9,740Eq.0
247 RO: 1.358E.06 CPT= 1.003E-12 CMII: 2.673E-13 BETAAC: 2.377E*0
248 PT= 3.059E+08

250 NAME:1 034 MODlEL: QNO

59 THM 3.229E-l6 IC: 6.29OF-05 VUE: 6.546E-01 VBC=-1.317E+O
253 VCEz 1.382E+01 BETADC: lo948F.01 GM= 2.440E-03 PPT: 9.740Efl
254 RO=_1.338E+06, CPT= 1.003E-i2 CMII: 2,673E-13 BETAAC= 2.377E*O
ass5 - PT:- 3.054Ei+68
256
257 NAME: 935 MODEL: RPO
* 578
259 18: 4.435F--12 IC=-4.449E-12 VBE= O.0floE.no VRCZ 1.04a0+
.260 VCE=-1.04E.t0_8FTAC-.003E.lo G-mc9.4R1E-16 PPI 1.210E~l
261 Q l 7 .0 q4 +13 CPfiI-:- 5200 E- 13 3- -0.80 3Et, 3- ETAAC=.'I47E-0
262 FTz-1.676F-0)4
26i3
264 NJAME: 036 mOnEL: QPI
265
26~6 IB: 8.86qF-12 TC=-8.8QBEml2 VBE: 0.0OE+Mof __V8C= 1.04aE+0

268 RO: 3.547E*13 CPT= 9.500E..13 CmiJz 5.451E-13 BETAAC=-1.147E-o
269 FTz-2.0lqE-04
270 -
271 NAME: q37 MODEL: RPO
272
273 r1m: 4.435E-t2*- Ic 1C:4diaa9-z-tl VBP: 0.~0E0-.A0 VB: 1.O4aF..O
274 VCE=-.o044F+00 4ETA0C:.0oi3E+00 Gmz-9.Q81E-16 QPI: 1.2lnE~l
275 RO: 7.OqaF+ 1 3  CPT= 5.2(i0E-13 Cxli: 3.8fl3E-13 BET&ACZ-1.147E-0
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276 FT=-1. 6E-A4
277
278 NAME: 13 MODEL: PNI
279 1'-_ 2_ 

_ 
s_____ j - - C -

2080 t812AF1 .C l2 6F.41 -- V-B E -0. 6 -0 + '- V FCE -1. 63 AE.W
281 VCE: 1.018E+00 8ET&DC=-1.O03F~nO GM=-2.5599-15 PPIZ 4.119E+
282 RO: 2.500F.13 CPT= 8.200F-13 CmII: 6.2fA3F-13 BETAAC=-1.O94E-
283 F T 4 16EZ"O4
284
285 NAME: n39 MOOEL: QNI

287 18=-1.260E-11 IC: 1.264E-11 VSEz 0.OOOE+.O0 V8Cz-1.038E+
288 VCF= 1.038F+00 9ETADC=-1.003E.60 G4=-2.559E-1S RPT: a.:i9F.

na 9 - ROF-+ CPIZ .2E-3 CMIJ= 6.2h3t-13 BT A AC I.0

290 FTz-2.8lbE-04
291
292 NJAME: 040 MODEL: RNI
293
294 rR=-t.26,0E-11 IC= 1.264E-11 VSr: 0.OOOF*nO VBC=-1.038RE.

/-CE: 1.038E+00 BETAOC=-1.003E,0o G:255o RPI: 'a.119ET

296 ROz 2.SOOE+13 CPI= 8.200E-13 CmII: 6.263E-13 BETAAC:-1.054E-,
297 FT=-2.816F-04

299 NAME: qal MQODEL: QNI
300
.501 p5:-1.26F~p-11 IC= 1.2h4E-11 VBFZ o.Qfl(WAoo v B c =:-.rT~E 7
302 VCE= 1.038E+00 8ETAOC=-1.003E+ao Gm:-2.559E-tS RPT= 4.119E+
303 RO: 2.SO0E+11 CPI= 8.200E-13 CMIJ: 6.263E-13 BE1&AC=-1.054E-1
504F 2.a g-"
305
306 NAME: 942 MODEL: RPO
37r
308 IS= 6.316E-11 IC=-63.341lF-t1, VBE= 0.OOOE.00 VBCZ 1.487E+
309 VCE:-1.4A7Ed)1 RETAOC=-1.004E+1O G%'=-1.350E-14 RPT: 1.210E.

311 FT:-3.102E-03
312
3T1r-NI7E; @43 mvWDtL: RN41

314
315 IS=-6.5A2F-11 IC= 6.603E-11 VBF: O.OOOE+fl0 VRC:-l.356E.
516 VCt= 1.556t+0O0 rtADC=-1.0 +(10 GI-73T.7 h- 14 R PT7 1-0E V
317 RO: h.1QOE~t2 CPIz 3.2flOE-12 CMIJ= 1,730E-12 BETAAc:-1.376E-,
318 FTZ-4.316E-04

320 NAME: 044 MODEL: RNO
321__ _

322 18-.28-1 6i2FV-ft-VE -O00oE+,00- vBC:--2.-073E*.
323 VCE:= 2:073E+00 8ETA0C=-:-1043Fi0O Gm=-2.555E-15 RPT: 8.237F+
324 RO: 'a.8A9E+u13 CPIz a.joOE- 3 rmIJ= 3.7A8F-13 BETAAC=-2.105E-.
325 -F-a.9Tz-.7E;e0
32b
327 NAME: 145 MOnEL: RNQ ___________ ______

329 IV12f,.301E-12 IC: 6.3.'IF-12 VBF= 0.OOOE+MOl V8C:-1.03SE.,
330 VCEZ 1.038E+00 qETA0C=-j.O03E.0O Gm:.1.2A0E-15 RPT: 8.3E
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311 RO: 5.00OF:413 CPT=_4.5f0C-t3 Ct4'i: 4.227E-13 BETAACC-1.O54Ffl
33"--- PTZ-2.34E-4
333
334 NAME 046 MOflEL: RNO ___

335 --

336 18=-6.301E-12 IC: 6.3PIE-12 VBF: O.OflOF+fl0 VSC:-1.O3)!F.
337 VCE= 1.034F~flo 8ETAOC=-1.003g.OO Gm4:.I.2AOE-15 RPI= 8.217E~t

33 fO~OIO~13P!'I5OE'- -- MJi--I."227E.-135ET&A~CE-f.O94EO
339 FT=-2.334F-04 .0G1

340 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

341NA?E*-*QMIMfO'L: RP6
342
343 IR:-j.4?0E-l5 IC:-1.bl5E-04 VBEz-6.qflE-0)1 VRC= 1.24OE*O

34 ~ C ET73T F: 0 rET CI1f~E.1~ 7~M73 ' S ~A ~ P t2. i 3F *0
345 RO: 4.304F+05 CPT= 2.b91E-12 CMII= 1..830E-13 BETAAr.= 1.337E.0
346 F?: 3.505F.Oa
'Til-i
348 NAME: 048 MODEL: RP0
349 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

55 O-.4T-5 IC:1.637E-04 VOEMi6.b6E-01 v aC: z.3E~
351 VCE:-t.351E'Ot SE-TADC= 1.152E+01 GM: 6.335E-03 API: 2.1IIEfl
352 ROZ 4.301IE.05 CPT= 2.692E-12 Cmll: 1.82SE-13 BETkAC= 1.337E.O

-3S3Fr: 3.0d +OK-
354
355 NAME: 049 MODEL: RNO
T56
357 18c 3.183E-06 IC= 6.156E-05 VBE= 6.5UIF-li VBC=-I.2A2EO
358 VCE: 1.347E+41 RFTAOC= 1.q34F.f1 GM: 2.388E-03 RPI: 9.887E+fl
35 1 i1 EW P Ii T RFI .68-3 TA: Z ~ ~
360 F:Tz 3.003E+08
361 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3 6( 2 NrKCFT- 0~ MODEL: RN 1-
363
364 To= 9.015F:-06 __IC= 1.606E-04 VBE= 6.666E-01 V8Cz-6.755E-n
:56 S5VC- CE'-- 1 3 4 E 0 -F TA Ci -1. TfA1 8-Y GM:Ai 6. 2 2 2 E Z j7 RP0I -3 .4 49 E +
366 RO: 4.331E+05 CPT= 2.19?E-12 Cmtj= 7.348E-13 SETAACz 2.146E+O
367 FT= 3.384E+08
368
369 NAME: qs51 mODEL: AN1
370
3 71V. fW -- f PW Ez- -6 -- -- -' 1 - c VRi- .5471 E--(I
372 VCE= 1.3elE.0O BETAOC: 1.781E:+01 GM= E.VP1F03 RPT= 3.449EO)
373 AD: 4.530E+05 CPT= 2.192E-12 CMII: 7,396E-13 GETAAC: 2.146E+C
3 74 ---- T ~7 7~
375
37b NAME! 0352 MODEL: AN1
377.--
37A IS= 1.902E-46 ICm 2.334E-05 VBEZ 6,147E-01 VBC:-3.6q8E-C
379 _ ,VCE: 9.545E-O1 RFTAOC= l.2P7E4.01 GM=_9.067E-l4 APT: 1.724AE+(
380 40: 3.1?s3F-p6b '-CPT"'I'.-372F-;12 -CMLI: ;-7.201IE-13 BEtAACZ-ti.563E~c
381 FT: 6b.899E+07
382
383 NAME: (393 - MODEL: - N1-
384
385 IB: 1.902F-06 IC= 2.314E-4l5 VHjE: b.147F-l1 VC-.qr
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386 VCSX 9.A45F-ll RETA0C= 1.227Pe~nI GM= 9.047E-04 OPT= 1.724F.0
387~ 3 ~F.Of C~: .7e - -C4Irfl-7-2lE-Tf3SETAAC:1.5o63E.O

3A8 FT= b.849E.07

3qQ -NAME:tfh74 MOrfE-- P0
391
392 IB:-2.804E-l5 rCx-3.SS7E-l4 VdF=-7.150F-l VRC= 1.2A7E.0

3q Rfl: 1.968~F,05 CPT= '4.qREE-12 Cr41.1: 1,84'5E-13 BETAAC:m 1.439E+0

395 FT: 4.214Eo-08I397 NAME: q9 moflEL: RPt
398

3 F5:-3.154F-65 IC-=jO51k-n4 VMF-6.974aE-01 ySC= 6.bqit-o
Goo VCE:-1.366F.00 BETAOC: 9.675E+00 W4= 1.179E-02 QPI: 9.486E+O
401 RO= 1.90l5E+0l5 CPT= 5.7d4E-12 CMUIJ 7.4fl4F-13 RETAACZ 1.119E.0
402 FT= 2.8*SE.08
403
404 NAME: 056 MODEL: RPI

405
40b IS=-j.42-7E-09 rc=-i.467E-04 VSE:-6.641E-ll VBC= 1.307EeO
407 VCE=-1.37JF.1 BRSAOCZ 1.0PBE+01 GMc 5.6q2E-l3 RPI: 2.140E.0
408 -'(=488+5 I--].1 -- 1 CMLI: 2.4E1 89TTrCai.-T81-
409 FT: 2.690E,08
410
411 NAME: 957 MODEL: RNO
*12

416 F~z8.093Ee08

418 NAME: 058 MODEL: RNO
419
4dp 4 E -0E-6 IC: 5.665E-05 v B-6.5M~-4 -o VFRC=-1.2AOE,
421 VCEz 1.3a5E401 RETA0C: 1*905E#O1 GM: 2.198E-03 APTz 1.O60E+O
422 RO: 1.502E+06 CPT= 9.723Ei-13 CMUz 2.688E-13 BETAAC= 2.331E.0

424
425 NAME: 059 MOnEL: QN1

427 ISz 3.2P4E-06 IC= 4.543E-0l5 VB~m 6.322E-01 V8Cz-3.934Eft0
48 VCEz I.02SF.+00 RFT&OC: 1.40l9E+01 GM: 1.76,cE-f3 RPT: 9.991E+O

430 FT: 1.254E.+08
431 __ _

432 NAME: 0AO0 --M0DEL: QN
433
434 192 1.I,46E-flS ICx 3.267F-04 VBE: 6.875E-01 VBCZ-6.44SE-0
43S -- VCE: 1.33?.Ee00 'BE-TAOC--f.9A5E,;Ai Gmz'1.A2fl(2 -QPI: 1.831E~n
43fo ROz 2.20qe.05 CPT= 3*tbSE-t2 CmtI: 9.405E-13 SETAAC: a.337E.0
437 PT: LI.R94E.08
439-
43q NAME: 061 moflEL: QP0
440
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441 IA:-?.fl~hF-nS' II~-2.A~jF-Aa VSE=-7.077F-n1 vsCz 1.308F.'M
442 -VcE:-i .375E)I 6ET A r~c iY.240o 06 1 GM= 1.1(13E-()2 QPI:- 1.2A5E(l
443 RO= 2.4haF.)5 CPI: 4.119FmI2 CmII= 1.829E-13 BETAACZ 1.AI7E."
444 FT= 4.043.F+48 _______ ______________

.445-.
446 NAME! Mhe MOOEL: RMILC
447 _ _ _ __ _ _ _ _

448 IR= 1.24E E 'b \C.3aE'j VBE 0.7E0 BCd 0 ) E +
449 VCE= 6.777E-01 BETAOC= 1.RAIEi.1 GM= 9e0E,1E-03 QPI: 2.'i72E+a
450 R D 3.00l4E+4~5 CPT= 2.629E-12 CMIJ= 1.047E-12 BFTAACZ 2.240E.0
451 FT: 3.923E+-08
452
453 NAME: Ofh3 MODEL: RPILC
4 5*4
455 IR=-2.414F-0d5 IC=-2.223E-la VSE=-6.875E-01 VBC= O.OOOE+0
456 VCEz-h.975E-nl BFTAOC= 9.208E+00 Gm=_a.bflSF-n3 RpI:_1.208Flo
-is nO-.0 E- 5 -CP 4. K2 E - t2 CMU=i 1.05'3"-12 BETAAC= 1.07'aE.0

*458 FT= a.430Ei08
459__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

460 NAME: oh4 MODEL: RNI
*461 1

462 ____IS= 4.662E-0l6 ___IC: 8.43SE-05 VB~z 6.44SE-01 V8C=-1.320E+fl

464 ROZ 1.014E+06 CPI: 1.672E-12 tMIJ: 3.956E-13 8ETAAC: 2.235E+O
4656T .2E4
4656T .22if1
467 NAME: 065 MODEL: RNl

469 1IBr7= IC= 3.lq7 -4 VBFF 6:.852E-fli VfC:-1Z.27S5E-;f

471 __ R0Z 2.637E~fl5 CPI= 2.857E-12 CMU= 4.028E-13 BETAAC= 2.b72E+O
472 - FT= "60037E*08
473
474 _NAME: 066 MODEL: RNI.LC___
4715
476 IBM 1.655E-65 IC= 3.173E-la VBE: 6.870E-01 VBCZ 0.OOO+
477 -VCE= 6.870E-'1 BETAOC: 1.917E+01 GM= 1.227E-0)2 PI: 1.8A9F>.0
478 RO:=5..'97E.04 -C PI z- .I lE12Cr-C U 2 .25 2 E-12 BE TA AC = 2.3 19 E +0
479 F?: 3.636E~flS

'48 1 -NA ME'r-- ~7 - OOE1 NC
482
483 ra:_3,956E-5 IC= 7.35Z>..(4 V9F 6.486E-01 VCz-1.430F+0
4154 W~E -_ -I 9FTTApCZ 1.98SWnj GM:- 2.9-54E -02 RPI: 8.OP EtO
485 RO: 1.179F.'n5 CPIZ 1.307E-11 Cmil: 1.848E-12 BETAAC= 2.2 0 EiO
486 Fl: 3.044E*(18

488 NAME: 068 MODEL: RP15C
489 ___

490 -- 1 -I:7 .12 E -(5 -- 1 Ci7-- 21 P--6 - -V i8 .iF -'-1V~ 1f.-. 4 2 7 E +

491 vCE:- *siQ2E.~m RETAOCz 9.bllF~hlo GM:z 2.7P8E-n2 RPT= 4.2P6F*')492 RO: l.0P7E.'n5 CPT= 1.873E-11 CMII: 1.171E-12 SBETAAC:1.153E*.0
493 -- FT= 2.lA2F*Oi- _ __ _ _-_ _

494
495 NAME: qA mOfVEL: QNIJLC
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496qb__
497 ~ : .O3F-l~, IC I~flS-0 VB: .b668E-l VACZ TOOOFIM

49A VCEz 6.EA8E-q1 AF&TADC: 1.771F:AI1 GMz 6.2?OE-03 QPlz 3.43OE+fl
49q ____RO= a.5onF.0S CPI: 2.198E-12 CMIJ= 9.432E-13 BETAAC: 2.134E+0
500 - FT;-'3.151E.08

502 NAME: 070 MOflEL: QNILC
503
504 IFP: 9.063E-06 lc= 1.6fl5F-M4 VBE= 6.668F-01u vBc: O.OOOE+O
505 VCE: h.6A8F-nl BETADC= 1.771E+0l1 GU:_ 6.219E-13 OPT= 3.431F.6
50 -oE4 .s -- 12 CKT9.43-1 5-13 'f -A-rii-T-.T3 315;0
507 FT= 3.151F'.08

S-6§ NAME: 071 MODEL: PNILC
510
5it IR: 4.127E-M6 IC: 6.148E-05 VBF= 6.4faE-ni1 V8c: 0.OflOF+l
ST 2 VCE= 6.a04E-lI BFTADC= 1.'9oE~nl Gm= 2.3A6F-03 RPI: 7.140E*0
513 RO= 1.179F.06 CPT= 1,611E-12 CmlI: 8.4n3E-13 BETAACZ 1.847E+O
514 FT= 1.54qE.Oa

516 NAME4 072 MODEL: QPILC
517

18IF:-9.010E-06 IC=-6.9-7E-05 9693-6.53ft-l v8cz 0.000t+0
519 VCE=-6.537E-01 BETAOCz 7.6q9E.0o GM: 2.692F-03 QPT: 3.431E.0
520 ROz 8.360E+05 CPT= 2.379E-12 CMII: 9.047E-13 8ETAAC= 9.236Ei0

* I 522
523 NAME: 073 MODEL: ONO

525 18=-7.342F-11 IC= 7.369E-11 VBE= O.OOOE.00 VBC:-1.210E40
526 VCE= 1.210E+01 SFTAOC:-1.014E+f0 G?4:-1.4qlE-14 API: 8.237E.1

528 FT=-3.292E-03
529
'350 PAM; (U74 !MUItL- WN1

531
532 113:-1.815E-10 IC: 1.8P2E-10 VBEz-1.944E-n3 VBC=-1.4qf.F9Q

534 RQ: I.A37E+13 CpI= S.1q3E-13 CMII= 3.843E-13 BETAAC=:1.518E-0
535 FT:-4.87SE-03

537 NAME: 075 MODEL: RPI
538

5ao VCE=-1.493F+fl1 9ETA0Cz-j.004E*nO Gm=.2.41514 9PT: 5.725E.1
541 ROz 2.a5iE'l3 CPT= q.507E-13 CMII: 2.473E-13 BETAAC=-1.a00E-C
542 - z- 3-4E;0T
543
544 NAME: 076 MODEL: RPO
545
546 18: 5.108F-I? ICZ-5.12'aE-12 VBE: 0.OnOEeoo vBrz 1.2fl2E.f
547 VCE:-1.202F+0~0 RETAC-.03F+l0 Gm=-l.O92F-15 RPI= 1.210E.

5 siB 9 :770~E IT iTi~ ~ ffi3T8 f!TAAC=:-1 *3 PlE c
549 FTC-1.959E-l4
550
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551 NAME: 077 MODEL-___ --

553 Is= 1.0pas-11 I(C:-1.O?SE-11 VHF= 0.OOOEld'0 V8C= 1.2fl2E+O
554 VCEM-1.202F4IoO BFTAC-.ofl3F+lO Gm=-2.184F-15 991: 6.048E41
555 W0: 3.S29F+t3 CPT= 9.500E-13 -Cr',:.2hOE-13 BETAAC=-1.321E-Q)
556 FT:-2.35SE-0a
557______ _

558 NAME:' ' 78 '40M0EL9-P'0--
559
560 18: 5.lflSE-t2- IC:-5.12aE-12 VBFz 0.OQOE~fl0 VBC: I.2-02F.0
561 VCEz1.2l2En0 8ETADCx;;.003F*OO- -- 1.-*092E-t5 991:zT.210E41
562 R0M 7.058E.13 CPT= 5.200E-13 CMUz 3.670E-13 BETAAC=-1.321E-0
563 FTm-1,95qE-44
564
565 NAME: 079 MODEL: RN1
S66 ________

568 VCEz 1.0Q9Ei+00 BETADC=-1.003E.Oo G?4:-2.710E-tS 991: 4.119E~i
569 ROM 2.4q6E'13 CPT= 8.200OE-13 CMIJ= 6.21 F1~-3 BETAAC=-1.116E-0
5s71 Tf-9 -99 3 E -44-
571 k
572 NAME: GAO MOOEL: RN1

574 18:-1.334E-tl IC= 1.339E-11 VoEz 0.OflOE+00 VgC:-1.099Ee0
575 VCE: 1.0Q9EQo0 RETAOCz-1.003EO0 Gmz-2.7l0E-tS 991: 4.119E+1
576 R0: 2.4QG6E+13 CPT= 8.260E-13 CMUz .1E1 BETAAC1.1169-6
577 FT=-2.993E-04
578
-5 T491Ji-ME 081 MODEL: RNI
580

set. __ _tgz-I.334E-11 IC: 1.339E-1ll VBF: 0.OOOE+00 VBC=-1.099E+O
582 VCE-i7 1.41-44PT AD--1 .00-3',E+O G4 .1-0 E -154.tE
563 R0: 2.494E.13 CPT= 8.200F-13 CMUz 6.211E-13 BETAAC-1.116E-0
584 _ FT=-2.993E-04
5a5

*586 NAME! 082 MODEL: RN1
587 __

s88 I:1~4-11 IC: 19339F-11 VBEM O.00PWVBC:6-;.099E.0
589 VCE: 1.009EF+00 SETADC=-ls003E,O0 GM=-2.710E-I5 991: 4.lI9Eii
590 R0: 2.4qbE.13 CPT= 8.200E-13 CMIJ= b.2tlE.'13 BETAAC=-1.116E-0

* s~i~fi q3EW04
592
593 NAME: 09 MODEL: 990
59 4
595 18z 6.717E-t1 IC:-6.744E-11 VBEz 0.0010E+00 VRC= 1.SA1IF*O
596 VCEz-1.981E4.01_8ETADC=-L.00aEeOO Gm=-1.436E-14 991: 1.21OE+1
5 47 - RO i 8 ()7 E'f3 1 C iS5.-20 0oE-3 CMtlU:- 1 .694E-13 BET 4AC=--1-. 737 E-0
598 FT:-3.315SE-3
599 _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

600 NAME:T8 MOO.tFN9C
601
602 _ I8:-1.3PbE-10 IC= 1.330E-10 VBE= O.OOOE+00 -V8C=-1.3A5q+O
603 -- VCF: 1.3h5E'00 SETA0C:;-I.-003E~oo Gm:-2.692E-11 - Q91: 5.148E*'
604 RO: 3.0qqF'12 CPT= S.200E-12 CmU: 2.855E-12 SETAAC=-j.3AbE-o
605 FT:-4.712F-l4
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,O7- IJAME: -085FLQN

*3 0q ER=-1.3fllF-11 ICz 1.3hE,-IA vqFz O.oOoF4Ao VBC=-2.14SE00O

ilo- VCEz 2.-145E+00 BET fi-nct.Ofl0*3E.6O & GME--.643E15 IS PIZ:8t.217E~l I

biQRO 4.840E+13 CPT= 4.500E-U3 CmiI: 3.76ftE-13 SETAAC=-2.177E-03

',12 FTz-5.O8qE-d4

127



BLANK PAGE
128



APPMOIX 3.~

AC and TAMI~Mv SD ATCIN

3.1 25P AC and Step Response

3.2 125° " i t

3.3 -55° "  "f

3.4 25" Post-Neutron AC and Step Responses

,ay: Abbrwiations for Process Variation

NR, NC: Nomnal Resistors
Nominal Capacitors

ER, HrC: 10% High PResistors10% Hig Capacitors

LR, LC: 10% Low Resistors
10%,o Low Caesitors
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